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ABSTRACT 
Research in human operant heart rate conditioning concerned with 
the elucidation of the mediators of operant heart rate changes has 
postulated five mediating mechanisms related to operant heart rate 
change: respiratory, somatic-muscular, central neurological, cognitive 
and dispositional (personality). However, examination of the literature 
indicates that much of this research has produced equivocal results, 
hence, a clear picture of mediation has not emerged. Experimenters 
interested in the events that mediate operant heart rate change? have 
not devoted much attention to the individual variability that is so 
pervasive in studies of human psychophysiology. Individuals may 
fundamentally differ in the autonomic, central neurological, cognitive 
and dispositional variables associated with bidirectional operant 
heart rate control. The present study assessed the validity of the 
hypothesized mediational mechanisms by examining individual response 
patterns during a multiple session, extended trials (8 minutes) 
operant heart rate conditioning paradigm. Specifically, physiological, 
cognitive and personality parameters were assessed in terms of their 
collective contribution to the variability in bidirectional heart rate 
performance. 
Fifty male subjects were instructed to control their heart rate 
and given visual feedback of cardiac activity during two training 
sessions separated by approximately one week. Each session consisted 
of two eight minute increase and decrease trials. The following 
dispositional-personality scales were administered: STAI-State and Trait 
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Anxiety, Locus of Control, Introyersion-Extroversion and Repression-
Sens it izat ion. Autonomic responding was assessed by continuously 
monitoring heart rate, respiration rate, forearm flexor electromyographic 
activity, eye blink and exosomatic galvanic skin response. In addition, 
subjects completed a post-experimental questionnaire in order to provide 
several types of information concerning the cognitive strategies employed 
in the control of heart rate. 
A multivariate approach to data reduction and analysis resulted 
in the following findings: (a) subjects demonstrated substantial changes 
in bidirectional heart rate when given instructions and when provided 
with analogue beat-by-beat feedback, (b) the mechanisms which mediate 
operant changes represent a multidimensional idiosyncratic interaction 
between physiology, cognition and personality; different physiological, 
cognitive and personality variables are associated with bidirectional 
heart rate control for different subjects, and (c) differential acquisition 
rates in the ability to acquire successful heart rate control on increase 
and decrease training within a multiple session, extended trials operant 
conditioning paradigm. 
Collectively, these results indicate that bidirectional heart rate 
control is a complex idiosyncratic interaction between autonomic, 
cognitive and personality variables. Furthermore, these results have 
implications for operant heart rate control studies in that sources of 
variation, previously ignored in traditional between group comparison 
approaches have been identified as significant in their collective 
effect on control performance. 
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INTRODUCTION 
This study was designed to investigate the differential efficacy 
of various mediators of human operant heart rate conditioning from 
an individual differences perspective. A critical review of the literature 
on instrumental conditioning utilizing exteroceptive control of human 
heart rate suggested that physiological, neurological, cognitive and 
dispositional variables are associated with bidirectional heart rate 
control. Individual response patterns within each of these postulated 
mediators of operant heart rate control are found to be dissimilar 
between subjects and highly idiosyncratic. Hence, the main purpose of 
this study was to assess the extent to which there may be individual 
differences in the mediation of human operant heart rate change. It 
was hypothesized that individual differences in physiological, 
cognitive and dispositional responding during human operant heart 
rate conditioning would account for some of the equivocal data on 
the mediation of such heart rate changes. 
Early investigators interested in the autonomic nervous system 
had generally concluded that autonomic nervous system (ANS) func-
tioning was modifiable by classical, but not operant conditioning 
techniques (Kimble, 1961; Konorski and Miller, 1937; Miller and 
Konorski, 1928; Mowrer, 1938; Schlosberg, 1937; Skinner, 1938). The 
logic of this conclusion rested on the assumption that the ANS did 
not interact directly with the environment and hence, was not subject 
to environmental manipulations. However, research in the last 20 
years has provided evidence for the successful conditioning of ANS 
responses as operants. Successful operant conditioning has been 
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reported for a wide variety of autonomic responses, heart rate, sali-
vation, galvanic skin response, peripheral vasoconstrictions and 
dilation, systolic and diastolic blood pressure, intestinal contractions 
and urination (see Miller, 1969, 1978, for a review). 
The most widely examined autonomic response has been heart rate 
(Williamson and Blanchard, 1979) . Many of the studies have been 
conducted for the express purpose of evaluating the degree to which 
operant heart rate responses are mediated by changes in other 
autonomic or central nervous system modalities. The data accumulated 
from these studies support five major mechanisms for the mediation of 
operant heart rate changes: (1) respiratory, (2) somatic-muscular, 
(3) central neurological mediation of both heart rate and somatic-
muscular responses, (4) cognitive, and (5) dispositional (personality). 
In view of the idiosyncratic psychophysiological response patterns 
known to exist for different individuals in various situations (Davis, 
1957; Lacey, 1967; Lacey, Bateman, and Van Lehn, 1953; Lacey and Lacey, 
1958) , it is not surprising that a clear picture of mediation has not 
emerged. Individuals may fundamentally differ in the autonomic, 
central neurological, dispositional and cognitive events associated 
with bidirectional operant heart rate changes. Few attempts to 
characterize individual response patterns during operant heart rate 
conditioning have been reported. Therefore, much of the inquiry into 
possible mediators of operant heart rate change has been simplistic and 
has not generated the data necessary to build a model of autonomic 
nervous system functioning during operant heart rate conditioning. 
3 
The Mediation Issue 
The heart does not directly interact with the environment, 
therefore it is unlikely that it can be directly influenced by environ-
mental events (McCanne and Sandman, 1976) . Hence, experimenters con-
cerned with human instrumental heart rate conditioning have worked 
under the assumption that heart rate changes are mediated by some 
intervening process. For example, several researchers employing 
operant techniques to condition heart rate have reported simultaneous 
increases for both heart rate and muscle tension; these authors con-
cluded that subjects learned to increase muscle tension which in turn 
caused the correlated heart rate increase. Specifically then, the 
basic empirical question raised by the mediation issue is that if 
operant heart rate learning is to be unequivocally demonstrated, it is 
paramount to rule out the possibility that heart rate changes are 
mediated by other voluntary responses. Studies related to each of the 
five mediational positions are reviewed below. 
Respiratory Mediation 
Respiratory mediation of heart rate changes has been considered 
possible by almost all investigators dealing with operant control of 
heart rate. It is well known that respiratory activity can influence 
heart rate (Clynes, 1960; Laird and Fenz, 1971; Westcott and Huttenlocker, 
1961) , hence a basic question remains within the heart rate biofeedback 
literature pertaining to whether heart rate changes are true operantly 
conditioned responses or merely mediated by operant conditioning of 
respiratory responses. The respiratory mediational issue concerns the 
degree to which respiratory involvement is necessary in the control of 
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heart rate; specifically, do individuals learn to control respiratory 
behaviour and thereby influence cardiac activity, or is some other 
mediational process involved? 
The impetus for consideration of respiratory involvement during 
operant bidirectional heart rate conditioning stems from Neil and 
Heyman's (1962) demonstration that changes in pressure exerted on the 
pressoreceptors in the lungs produce reflex tachycardia (heart rate 
speeding) and bradycardia (heart rate slowing) in both animals and 
humans. Studies of directional heart rate control which monitored 
respiration fall into four categories: (1) Curare studies — 
d-tubocurarine was utilized to eliminate the possibility of respiratory 
changes as mediators, (2) Statistical control — subjects were instructed 
not to use respiratory changes to effect heart rate changes. Respiration 
rate and depth "were analysed through a covariance procedure, post 
facto, (3) Pacing — subjects were instructed to breathe in cadence 
with a mechanical device, usually a tone, light or simulation of 
breathing device, and (4) Respirator control — subjects were passively 
respired and unable to influence respiration rate or tidal volume. 
Studies utilizing curarized rat<s have demonstrated that heart 
rate and other autonomic responses can be conditioned as operants with 
respiration artificially maintained at a constant rate and depth 
(Hothersall and Brener, 1969; Miller and Banuazizi, 1968; Miller and 
DiCara, 1967; Slaughter, Hahn and Rimaldi, 1970; Trowill, 1967). Black 
(1967) reported similar findings in curarized and artificially 
respired dogs. However, Miller and Dworkin (1974) have reported major 
difficulties in replicating the curare work with rats. 
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Miller and Dworkin question the early work's findings about the effects 
that curare exerts on ANS responding and whether operant heart rate 
changes can be conditioned in artificially respired animals. 
Shearn (1962) in a study concerned with human operant modification 
of heart rate reported that respiratory changes could have mediated 
operant heart rate acceleration under conditions of instructional 
respiratory control. Other investigators utilizing similar instructional 
procedures provide considerable evidence that heart-rate changes are 
accompanied by parallel changes in respiration (Brener, 1974; Brener 
and Hothersall, 1966; Brener, Kleinman and Goesling, 1969; Lang and 
Twentyman, 1976; Levenson, 1976, 1979; Shearn, 1962). Brener and 
Hothersall (1966) reported that operant heart rate acceleration generally 
has been accompanied by faster and more erratic respiratory cycles 
than has operant heart rate deceleration. However, respiratory changes 
were dissimilar between subjects and were highly idiosyncratic. 
Cardiac-respiratory data from these studies were essentially cor-
relational, hence, did not allow determination of the necessity of 
respiratory maneuvers for producing heart rate change. 
In order to go beyond the correlational approach in terms of 
specifying the nature of the cardiac-respiratory relationships 
investigators have used paced respiration procedures. Brener and 
Hothersall (1967) showed that subjects who had been trained to main-
tain their respiratory frequency at a constant rate could alter their 
heart rates significantly during operant training. Sroufe (1969) 
reported no significant differences between paced and uncontrolled 
respiration for learned operant heart rate control. Recently Holmes, 
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Solomon and Buchsbaum (1979) demonstrated that controlling respiration 
enabled subjects to significantly increase their heart rate but did not 
enable them to decrease it. Interpretation of the paced respiration 
data are limited by two inherent methodological considerations. First, 
subjects may alter a given respiratory parameter despite pacing 
(Wells, 1973), and second, subjects may compensate for pacing in one 
parameter by altering a second parameter such as depth (Brener, 1974). 
The optimal technique for assessing the importance of respiratory 
changes during operant conditioning of heart rate would be to passively 
respire subjects. In the sole instance where human subjects were 
passively respired, previously learned cardiac control was greatly 
attenuated (Vandercar, Feldstein and Solomon, 1977). 
Few attempts have been made to control respiratory depth during 
operant heart rate conditioning. Changes in respiratory depth 
influence changes in heart rate, with deep breathing producing 
faster heart rates (Stern and Anschel, 1958; Engel and Chism, 1967). 
Headrick, Feather and Wells (1971) reported no association between 
changes in respiratory depth and operant heart rate change. Similarly, 
Brener and Hothersall (1967) indicated little if any change in respiratory 
depth when frequency was controlled. Wells (1973) presented data 
indicating that the magnitude of operant heart rate changes cannot be 
accounted for by the magnitude of changes in respiratory depth. How-
ever, Levenson (1976) reported results indicating that heart rate 
increases are accompanied by significant increases in respiratory depth. 
Cohen (1973) has reported a similar finding in an escape-avoidance 
paradigm. 
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Research on respiration as a mediator of operant heart rate 
changes has been inconclusive; the only conclusion we can make is that 
respiratory changes may produce changes in operant heart rate under 
certain conditions. It seems plausible that changes in heart rate may 
be mediated by changes in respiratory frequency, depth or both for some 
individuals and some operant conditioning paradigms. The precise 
relationship of respiration to operant heart rate has yet to be 
determined. 
Somatic-Muscular Mediation 
In this mediational model changes in somatic-muscular activiation, 
that is, afferent activity from gross skeletal movement, are assumed 
to result in changes in heart rate. A number of researchers have 
questioned whether modification of heart rate may be initiated by 
muscular changes that are subject to environmental control (Brener, 
1974; Katkin and Murray, 1968; Miller, 1969; Obrist, Webb, Sutterer and 
Howard, 1970). Their collective conclusion was that skeletal behaviour 
will always be a possible mediator of changes in autonomic behaviour 
due to inherent methodological limitations associated with the sys-
tematic control of these variables in an experimental setting. 
The curare experiments by Miller and his colleagues, using curarized 
rats, were conceived as a means of controlling, the effects of muscular 
activity on heart rate. These investigators concluded that autonomic 
responses are independent of skeletal behaviour. However, as with the 
case in respiratory mediation, the difficulties in replicating these 
studies leave the question of somatic-muscular mediation unresolved by 
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these methods. 
Brener and Goesling (1968) present results indicating that rats 
trained to be active in a free-moving state manifested increased heart 
rates, whereas rats trained to be immobile showed decreased heart rates. 
Both groups of animals were subsequently curarized and conditioned to 
change their operant heart rates. Active rats displayed heart rate 
increases, while immobile rats displayed decreases irrespective of 
whether they were reinforced for increases or decreases. These results 
suggest that learned patterns of muscular activity (e.g., active-
immobile) can mediate heart rate changes and can subsequently affect 
operant conditioning of heart rate. However, Brener and Goesling 
failed to monitor electromyographic activity during initial active-
immobile training. It may well be that the rats trained to freeze 
(immobile) exhibit as much or more muscle tension as rats taught to 
be active. Therefore, it is difficult to draw any inferences pertaining 
to the somatic-muscular issue from this study. 
The first report of instrumental modification of human heart rate 
that controlled for somatic influences was published by Belmaker, 
Proctor and Feather (1972), who coached their subjects to camouflage 
their muscular activity. Two conclusions were drawn by these authors: 
(a) muscular tension in the thoracic area significantly elevated 
subjects' heart rate, and (b) muscular contractions could be disguised 
by subjects such that correlations between somatic activity and 
heart rate change were nonsignificant. However, the data presented 
by Belmaker et al. suggest a reinterpretation of their results. 
The authors correlated ratings of electromyographic activity and 
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heart rate changes for pretrial and trial periods and found non-
significant relationships (r ~ -.39, and
 r • -.41). Clearly there 
s s 
are differences in muscle activity during pretrial rest periods and 
during cardiac control trials, but this relationship was not statistically 
significant. 
Another study concerned with somatic-muscular mediation (Obrist, 
Galosy, Lawler, Gaebelein, Howard and Shanks, 1975) indicated that 
subjects tend to produce large increases in muscle tension during 
heart rate increase trials and the magnitude of the observed heart 
rate change was directly proportional to the magnitude of muscle tension 
change. That is, Obrist and his colleagues found that heart rate 
increases greater than ten beats per minute could only be produced when 
somatic influences were minimally controlled. However, heart rate 
increases of approximately six beats per minute were produced by 
individual subjects who slightly altered their muscle tension. In a 
similar fashion Manuck (1976) attempted a replication of the Obrist et 
al. findings. Manuck failed to replicate the implied relationship between 
somatic restraints and heart rate control. 
Other studies, designed to investigate influences of muscle 
tension increases upon heart rate (Clemens and Shattock, 1979; 
Levenson, 1979; Lynch, Schuri and D'Anna, 1976; Vandercar, Feldstein and 
Solomon, 1977) have produced equivocal results. Lynch et al. reported 
that heart rate increases greater than ten beats per minute resulted 
from rather incomspicuous muscle tension increases of the arms, legs, 
and stomach muscles. Vandercar et al. found muscular (sternocleidomastoid 
muscle of the neck) concomitants associated with the production of 
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bidirectional heart rate change. Clemens and Shattock (1979) reported 
data indicating that changes in levels of chin electromyographic acti-
vity did not vary significantly as a function of instructions to 
increase or decrease heart rate within a multiple session biofeedback 
paradigm, although the muscle tension differentials were in the 
appropriate direction. Furthermore, these authors found that the 
changes in muscle tension were unrelated to levels of muscular effort. 
In light of such findings it would seem fruitless utilizing chin elect-
romyographic activity to evaluate the possibility of somatic mediation. 
The conclusion drawn from this finding was that a more global measure 
of muscle activity must be employed in order to explicate the exact 
role of somatic variables in the production of bidirectional operant 
heart rate control. Based on Clemens and Shattock's findings, Levenson 
employed an electromagnetic sensor located under subject's chair as a 
measure of general motor activity. Levenson's findings indicated that 
changes in general motor activity from a pre-recorded baseline were 
only significant during heart rate decrease trials. 
In summary, these results suggest that somatic-muscular variables 
appear to be capable of producing significant heart rate changes. How-
ever, their influence appears to be primarily limited upon considera-
tion of the conflicting empirical evidence reviewed. No study has, 
yet, unequivocally demonstrated the necessity of somatic activity as 
a mediator of conditioned operant heart rate changes. Thus, the ques-
tion of whether somatic-muscular changes can produce highly specific 
heart rate changes remains unanswered. Evaluation of different somatic-
muscular variables during operant heart rate conditioning has seldom 
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been attempted. Hence, monitoring of heuristically relevant electro-
myographic variables during operant heart rate conditioning would 
provide one method for a more careful assessment of the relative merit 
of the somatic-muscular hypothesis. 
Central Neurological Mediation of 
Heart Rate and Somatic Responses 
This mediational model suggests that both cardiac and somatic events 
are mediated by a common central nervous system (CNS) effector and that 
the two are coupled to one another by this mediator. Essentially, this 
mediational position differs from the somatic-muscular hypothesis in 
that changes in muscle tension are not assumed to cause heart rate 
changes. Rather, muscular changes and heart rate changes are viewed 
as responses that are caused by CNS activation. Hence, both heart rate 
and muscle tension data are utilized in making inferences about CNS 
activity. The study of mediation becomes extremely difficult when 
central neurological processes are involved. Neuroanatomical data 
from studies with animals (Randall, McNally, Cowan, Caliguiri and Rohse, 
1957; Delfini and Campos, 1972) indicate that the CNS processes that 
mediate heart rate changes are quite complex and may be difficult 
to assess in humans. Furthermore, these authors suggest that the central 
neurological events that regulate operant heart rate may be limited to 
relatively discrete areas of the brain. In light of this neuroanatomical 
evidence on central control of heart rate any attempt to infer the 
nature of the cardiac-central nervous system interrelationships from 
such gross measures as chin and neck electromyographic activity seems 
at best premature. 
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Obrist and his colleagues (e.g., Obrist, 1968, 1976; Obrist, 
Webb and Sutterer, 1969, 1970a, 1970b) have provided much of the 
evidence for this mediational position. Obrist ejt al. (1969) 
demonstrated that heart rate decrease during the fixed foreperiod of 
a reaction time task is significantly correlated with electromyographic 
activity recorded from neck and chin muscles and that decreases in 
both somatic parameter are significantly correlated with faster reaction 
times. Similar associations among heart rate deceleration, chin and 
neck muscle activity have been reported during the conditioned stimulus-
unconditioned stimulus interval in classical conditioning paradigms 
(e^ .g., Obrist, 1968). 
Based on these reaction times and classical conditioning studies 
Obrist concluded that: (a) heart rate increases and decreases are 
primarily under vagal or parasympathetic control, (b) vagal excitation 
masks sympathetic effects during heart rate deceleration, (c) during 
heart rate acceleration normal vagal tone is lost with likely a minimal 
increase in sympathetic excitation, (d) the direction and magnitude of 
the heart rate change is a function of how the organism attempts to 
cope somatically with the stimulus events, and finally (e) the 
observed heart rate and somatic processes are centrally integrated to 
a significant degree. To further support his conclusions Obrist cites 
two studies (Dworkin, Pickering, Miller, Eissenberg and Brucker, 1975; 
Freyschuss, 1970) where subjects were instructed to tense the muscle-
cuture in one arm but in both cases the arm musculature was 
paralyzed. In both studies, heart rate accelerated>thus supporting the 
central mediation hypothesis. 
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Although Obrist1s inferences were derived from an impressive body 
of data which include both reaction time and classical conditioning 
paradigms, his contentions rest on the demonstration of heart rate -
somatic coupling at a central level during tasks that demand a minimum 
of motor activity. A close inspection of these data reveals that the 
magnitudes of the correlations among heart rate, chin and neck muscle 
activity are at best only moderate (fTs range from .30 to .40). While 
significant correlations of this magnitude imply an association, they 
also indicate substantial independence. 
Consistent with this interpretation of the observed magnitude of 
the correlations in the Obrist studies is the recent investigation by 
Cohen (1973). Cohen reported successful conditioning of both heart 
rate increases and decreases in an avoidance conditioning procedure 
without producing parallel changes in chin muscle activity. Furthermore, 
Cohen conditioned significant increases in operant chin muscle activity 
without significant changes in heart rate. McCanne (1977) presented 
results which are in accord with those noted by Cohen. Significant 
changes in chin electromyographic activity during heart rate control 
trials were not detected during either acceleration or deceleration 
training within an operant shaping procedure. However, in the McCanne 
study the measure of muscle activity was recorded from a relatively 
small sample of subjects (N = 6), thus, limiting the generalizability 
of this finding. Together these results indicate that heart rate and 
chin muscle changes could be independent of one another within an 
operant conditioning paradigm. Thus, there is some question about the 
tenability of the heart rate-somatic coupling hypothesis during human 
heart rate conditioning. 
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The assessment of changes in muscle tension during operant heart 
rate conditioning is of crucial importance in examining the heart rate-
somatic coupling hypothesis as proposed by Obrist. A necessary step in 
assessment of this hypothesis is the examination of other sites of 
somatic-muscular activity (e.g., forearm flexor); as of yet this has 
not been attempted by researchers interested in the mechanisms that 
underlie the operant control of autonomic functions. 
Cognitive Mediation 
In this mediational model it is assumed that cognitive activity 
(thoughts, feelings, self-statements) can evoke increases in physio-
logical responsivity. Katkin and Murray (1968) critically reviewed 
the literature pertinent to the cognitive mediation of operant heart 
rate conditioning, and concluded that subjects might engage in sub-
vocal activity (e.g., thinking) and this activity in turn may elicit a 
previously conditioned ANS pattern. 
A number of studies have demonstrated that cognitive activity can 
elicit physiological responses (McGuigan and Schoonover, 1963; Schwartz, 
1971; Schwartz and Higgins, 1971). Luria (1968) describes a case 
study where the subject possessed unusually vivid imagery. This subject 
could accelerate his heart from a normal rate of 70-72 beats per minute 
to 80-96 beats per minute, and finally to 100 beats per minute, by imagining 
he was running after a train. Similarily, this subject could produce 
a difference of 3.5 C between the two hands by imagining that his right 
hand was on a hot stove while his left was squeezing a piece of ice. 
Sternbach (1964, 1965, 1966) has suggested that subjects1 "sets" or 
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implicit and/or explicit expectancies may influence their autonomic 
functioning and further that such sets may be altered or influenced by 
instructions. Sternbach concludes that ideas or thoughts can produce 
autonomic changes and alterations of muscle tone by downward discharge 
from the cortex to the reticular formation and then to autonomic, motor 
and sensory centers. The association between sets and clearly 
specifiable physiological responses is also seen in psychophysiological 
disorders (e_.g., Graham, Kabler and Graham, 1962). Graham (1972) 
reviewed a series of studies carried out in the 1950fs which demonstrated 
that various psychophysiological disorders were associated with. 
definable attitudes in patients. For example, duodenal ulcer patients 
reported feeling deprived of what was due to them and wanted to get even. 
Further, when such attitudes were suggested to healthy subjects under 
hypnosis, the suggestion elicited measurable changes that mimicked 
the patterns originally observed in the patients. The foregoing 
observations are quite impressive in suggesting that thoughts can 
act as both stimuli and responses with predictable physiological 
consequences. 
Studies that have investigated the contribution of cognitive 
events to bidirectional heart rate control fall into two categories: 
(1) post hoc assessments of the content of subjects? thoughts during 
heart rate control attempts, and (2) instructing subjects to think 
of specific arousing or relaxing thoughts while monitoring heart rate 
changes. 
Studies assessing cognitive activity post facto have consistently 
found that a high proportion of subjects employ exciting thoughts during 
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heart rate increase attempts and relaxing thoughts during heart rate 
decrease attempts (Bell and Schwartz, 1975; Blanchard, Scott, Young 
and Edmundson, 1974; Blankstein, 1977; Bouchard and Corson, 1976; White, 
Holmes and Bennett, 1977). However, these researchers report that 
the specific content of these thoughts, images, and feelings are highly 
idiosyncratic. Blankstein (1977) has noted, that such post hoc 
analyses via open ended questionnaires at the termination of the experi-
ment do not allow a causal relationship between cognition and heart rate 
changes to be concluded. The question remains unanswered by these means 
in terms of whether the observed cognitive behaviours are causal, con-
tradictory, or simply epiphenomenal. Furthermore, Schwartz (1974) 
reported that subjects not informed that heart rate was the target 
behaviour to be controlled did not consistently report using different 
types of cognitive strategies during bidirectional heart rate control 
trials. Blanchard, Scott, Young and Edmundson (1974) compared cognitive 
activity between groups of informed and uninformed subjects and supported 
Schwartzfs findings. Thus, it seems that instructions (e.g., increase 
your heart rate) predispose subjects to use specific types of cognitions 
(e.g., thinking of exciting events). 
The second strategy to assess cognitive influences upon heart rate 
changes has been to instruct subjects to think of either relaxing 
or anxiety-inducing thoughts while attempting bidirectional heart rate 
control. Three studies (Davidson and Schwartz, 1976; Schwartz, 1974; 
White et al., 1977) have reported that the magnitude of heart rate changes 
resulting from the use of cognitive strategies was rather small 
(bidirectional changes of approximately three to four beats per 
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minute) . Davidson and Schwartz (1976) found that the addition of heart 
rate feedback significantly increased heart rate above that produced 
by cognitions alone. White et al. (1977) reported no significant 
improvement in heart rate control performance for subjects given 
specific cognitive instructions when compared to subjects given no 
specific instructions. Schartz and White conclude that cognitively 
mediated heart rate changes are so small that they are of little 
importance in furthering our understanding of how large magnitude 
heart rate changes are produced. However, this conclusion may be premature 
in the light of recent evidence presented by McCanne and lennarella 
(1979). These authors found highly significant pretrial-to-trial 
increases in heart rate for subjects instructed to employ anxiety 
arousing cognitions and highly significant decreases in heart rate for 
subjects instructed to employ relaxing cognitions. The results clearly 
demonstrate that anxiety-inducing and relaxing mental events can be 
used to produce heart rate changes comparable in magnitude to those 
noted during operant heart rate conditioning. 
In conclusion, research on cognition as a mediator of operant heart 
rate control has produced equivocal results. It is sufficiently well 
documented that cognitive strategies may be sufficient to elicit 
autonomic responses (e.^., Graham, 1972; Luria, 1968; Sternbach, 1964, 
1965, 1966). However, the data from operant conditioning of human 
heart rate relevant to the possible role played by cognitive factors 
are confusing and quite unsystematic. A more systematic assessment 
of these cognitive variables at each phase of operant heart rate 
conditioning should result in elucidating the cognitive mechanism 
contributing to operant heart rate change. 
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Dispositional Mediation 
One of the most salient findings within the operant cardiac 
conditioning literature has been the large variability in the ability 
of individual subjects to voluntarily control heart rate (Bell and 
Schwartz, 1975; Blanchard, Haynes, Young and Scott, 1977; Colgan, 
1977; Stevens, Harris, Brady and Shaffer, 1975; Wells, 1973). This high 
degree of variability across individuals in their ability to bidirec-
tionally control heart rate warrants the conclusion that between 
group comparisons are of limited value because significant group 
effects could be due to a relatively small subset of subjects dis-
playing excessively large increases (greater than 15 beats per minute) 
and/or decreases (less than 13 beats per minute) while the remainder 
of the group may either achieve minimal increases and/or decreases (five 
to ten beats per minute on increase and three to five beats per 
minute on decrease) or fail to increase and/or decrease their heart 
rate. In order to partial out some of the intersubject variance 
researchers have postulated several dispositional variables that 
could account for these apparent individual differences. 
Several dispositional variables have been implicated in the 
differentiation of physiological activity during operant heart rate 
conditioning: (a) Locus of Control, (b) Trait Anxiety, (c) Ego 
Strength, and (d) Autonomic Perception. 
Rotterfs (1966) Locus of Control of Reinforcement personality 
measure has been consistently related to operant heart rate control. 
Ray (1974) and Ray and Lamb (1974) indicated that internal locus of control 
subjects were better able to accelerate their operant heart rate than 
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were external locus of control subjects, whereas external locus of 
control subjects were better able to decelerate their heart rate than 
were internal locus of control subjects. Fotopolous (1970) differentiated 
subjects with respect to their ability to control heart rate during 
a multiple session biofeedback procedure. Internals were better able 
to increase their heart rate than externals. This relationship existed 
only during the first phase of the experiment when subjects were not 
provided with feedback. When subjects were provided with feedback the 
two groups performed equally. Gatchel (1975a) using essentially 
the same design as Fotopolous, observed the same internal-external 
relationship during bidirectional heart rate control; however, the 
relationship existed only during the first two sessions. He suggested 
that with repeated trials the between internal-external group differences 
diminish to nonsignificance. Gatchel (1975b) repeated the above design 
with the exclusion of feedback trials. Again it was reported that 
initially internals and externals differed with respect to their 
relative ability to increase or decrease cardiac rate voluntarily. 
Blankstein and Egner (1976) found that internals were better able to 
increase their heart rate than were externals. This effect was present 
during feedback, as well as no-feedback trials. Unlike previous 
researchers Blankstein found no significant differences between internal-
external groups during decrease trials. Schneider, Sabel, Herrmann and 
Cousins (1978) reported that internals were significantly better at 
increasing their heart rate than were externals. This effect was 
observed across sessions. However, neither group was able to lower 
their heart rate significantly during any decrease phase of any session. 
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Other attempts to replicate these findings (e.g., Bell and Schwartz, 
1975; Lang, 1975; Lang, Troyer, Twentyman and Gatchel, 1975) have failed. 
Thus, the results concerning locus of control and heart rate control 
are conflicting. 
Stephens eit al. (1975) reported significant correlations between 
the Minnesota Multiphasic Personality Inventory's Anxiety subscale 
and heart rate acceleration (r » -.44) as well as deceleration (r = .31). 
Further, Cox and McGuinness (1977) divided subjects according to high 
and low anxiety as measured by the IPAT (Cattell and Scheier, 1963). 
These researchers found that only high anxiety subjects could 
significantly accelerate their heart rate and that only low anxiety 
subjects could significantly decelerate their heart rate. These 
finding are opposite to the results reported by Stephens et al. 
(1975). To further complicate the issue, HcFarland and Coombs (1974) 
and Lang et al. (1975) have reported finding no differences in 
directionality of heart rate change with respect to predispositional 
anxiety level. Hence, the evidence concerning the importance of 
anxiety for learning heart rate control is conflicting. 
Stephens et al. (1975) have also reported significant correlations 
between ego strength measures from the Hinesota Hultiphasic Personality 
Inventory and heart rate speeding ( r = .32) and heart rate slowing 
(r= -.32). 
The only other personality trait that has been shown to be related 
to heart rate has been autonomic perception. Awareness of autonomic 
activity is measured by Handler's (Handler, Handler and Uviller, 1958) 
Autonomic Perception Questionnaire. Bergman and Johnson (1971) found 
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that subjects who report extreme autonomic responding (e.g., over-
responding and underresponding) cannot control their operant heart rates 
as well as can subjects from the middle of the Autonomic Perception 
Questionnaire continuum. Blanchard, Young, and HacLeod (1972), 
utilizing a different method of scoring the Autonomic Perception 
Questionnaire, reported that subjects high in autonomic awareness are 
less able to control their operant heart rates than are subjects low 
in awareness. Blankstein and Egner (1973) questioned the use of the 
questionnaire as a measure of autonomic awareness; they suggested 
that it primarily reflects the autonomic components of general anxiety, 
and demonstrated an inverse relationship between trait anxiety and cardiac 
control. The evidence supporting the importance of autonomic awareness 
for learning heart rate control is conflicting. 
In general, the research involving dispositional variables as 
possible mediators and sources of individual variability so far 
has produced equivocal results. The evidence concerning the relationship 
of dispositional traits and bidirectional heart rate control is not 
very impressive, the correlations found are generally below 0.50 
(implying at best only a moderate association) and these positive 
findings have been difficult to replicate. 
Individual Differences in 
Operant Heart Rate Control 
Beyond the search for dispositional variables experimenters 
interested in the events that mediate operant heart rate changes have 
not devoted much attention to the individual differences that are so 
pervasive in studies of human psychophysiology. 
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Weiss and Engel (1971) presented data from individual cardiac 
patients (premature ventricular contraction) which indicated consid-
erable intersubject variability in the magnitude of conditioned 
operant heart rate changes and in the speed with which such changes 
are acquired. Wells (1973) in an experiment performed to demonstrate 
how subjects produced large magnitude heart rate changes reported data 
from individual subjects that indicated large intersubject variability 
in the magnitude and speed of acquisition of heart rate changes. 
HcCanne (1977) examined autonomic and central nervous system responding 
during heart rate acceleration and deceleration conditioning. The 
results revealed considerable differences between individual subjects 
in physiological response patterns. HcCanne concluded that these 
idiosyncratic response patterns suggest that different physiological 
processes may be associated with changes in operant heart rate for 
different subjects. Horeover, for some subjects changes in heart 
rate may be associated with respiratory changes, while for other 
subjects heart rate increases and decreases may be associated with 
changes in muscle tension. Similarily, Vandercar et al. (1977) 
presented data from individual subjects that indicated large 
variability between subjects in physiological response patterns. 
Vandercar reported interindividual correlations between bidirectional 
heart rate performance and respiration rate, respiration volume and 
sternocleidomastoid electromyographic activity. The range of the 
correlations were -.54 to .90, -.26 to .90 and -.29 to .53, 
respectively. 
Classical conditioning studies have provided a different 
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approach to the problem of individual differences. Van Egren, Headrick 
and Hein (1972) used factor analytic techniques to differentiate and 
describe different heart rate responses during the conditioned 
stimulus and unconditioned stimulus of two classical conditioning 
studies. The results indicated three distinct types of cardiac 
responses: (1) initial acceleration followed by deceleration, 
(2) initial deceleration followed by acceleration, and (3) monophasic 
deceleration. The use of multivariate analytic techniques to 
distinguish different autonomic, cognitive and dispositional response 
patterns associated with bidirectional heart rate control seems 
critical. Through the utilization of these multivariate techniques 
it may be possible to identify different patterns of responding 
between individuals, which may in turn be related to different 
mediating mechanisms. 
Hypothesis Formation 
The empirical evidence from the operant heart rate conditioning 
literature suggests that there are individual differences in 
autonomic, cognitive and dispositional parameters that need to be 
taken into account when assessing the validity of the hypothesized 
mediational mechanisms. Furthermore, implicit in such an assessment 
is the utilization of multivariate analytic techniques in order to 
assess the individual differences in the mediation of bidirectional 
heart rate change. 
The purpose of the present study was to assess the validity of the 
hypothesized mediational mechanisms by the multidimensional examination 
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of individual response patterns during a multiple session, extended 
trials (eight minutes) operant heart rate conditioning paradigm. 
Specifically, it was hypothesized that: (a) The use of multiple 
heart rate training sessions and extended trials would maximize 
the magnitude of bidirectional heart rate control. Biofeedback 
researchers have extended the training sessions beyond one session, 
however, no study has extended the training trials beyond four 
minutes. Thus, the question of whether extended training trials 
enhances the probability of producing large magnitude heart rate 
increases and decreases awaits empirical resolution. 
(b) This study was further designed to evaluate the differential efficacy 
of physiological, cognitive and dispositional variables in terms 
of their simultaneous contribution to the production of heart rate 
increases and decreases. Canonical correlation analysis was used to 
provide an evaluation of the inter-variable patterns during 
bidirectional heart rate control. It was hypothesized that for increase 
and decrease heart rate performance physiological, cognitive and 
dispositional variables significantly contribute to the variance in 
heart rate performance. 
(c) This study was also designed to determine the physiological 
variables (respiration rate, forearm flexor muscle activity, eye 
blink and glavanic skin response) associated with operant heart rate 
acceleration and deceleration. An examination of the correlates of 
change in operant heart rate appears to be the necessary first step 
towards establishing what autonomic events are involved in the mediation 
of such changes and in assessing the extent to which there may be 
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individual differences in the mediation of those changes. It was 
hypothesized that the correlations between heart rate and the physiological 
variables would reveal considerable differences between individuals 
in both magnitude and direction of the correlations. Furthermore, 
cluster analysis of these correlation coefficients would confirm the 
individual idiosyncratic response patterns, such that, all possible 
combinations of physiological patterning would emerge from this analysis 
for increase and decrease trials. 
Collectively, the hypothesized results would indicate that operant 
bidirectional heart rate control is a complex, idiosyncratic interaction 
between physiological, cognitive and personality variables. These 
findings would have implications for operant heart rate control 
experiments in that sources of variation, previously ignored in 
traditional between group comparison approaches have been identified 
as significant in their collective effect on heart rate performance. 
26 
HETHOD 
Subjects 
Subjects were 50 male undergraduate students at the University 
of Waterloo ranging in age from 18 to 29 years (mean age • 22.5) . 
These subjects were reportedly in good health, free from cardiovascular, 
respiratory and muscular disorders. Twenty-nine of the f i f t y subjects 
were paid $6.00 for participation in both experimental sessions. All 
others were unpaid volunteers. Immediately upon completion of a 
consent and health form subjects were administered Spielberger* s 
(1970) State-Trait Anxiety Inventory, Rotter fs (1966) Locus of 
Control Scale, Eysenckfs "(1968) Introversion-Extroversion Questionnaire 
and a modified version of Byrne's Repression-Sensitization Scale 
(Epstein and Fenz, 1967). 
Apparatus 
Preexperimental Personality Assessment Questionnaires 
Prior to entering the psychophysiological laboratory subjects 
completed a battery of paper and pencil personality inventories 
(see Appendix A for the assessment battery and order of presentation 
to the subject) . A brief description of each personality measure 
i s presented below. 
State-Trait Anxiety Inventory (STAI; Spielberger, Gorsuch and 
Lushene, 1968). The STAI consists of separate self-report scales 
for measuring two d i s t inc t ive anxiety concepts: State Anxiety (STAI-S), 
and Trait Anxiety (STAI-T). According to Spielberger et a l . (1968) 
STAI-S i s conceptualized as a transitory condition that varies in 
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intensity and fluctuates over time. This condition is characterized 
by subjective, feelings of tension and apprehension and activated 
arousal of the autonomic nervous system. Trait anxiety refers to a 
stable individual difference in anxiety proneness, that is, to 
differences in the predisposition to respond with elevated state anxiety 
in situations that are perceived as threatening. 
Locus of Control (L-C; Rotter, 1966). The L-C construct was described 
by Rotter, Seeman and Liverant (1962) as distributing individuals 
according to the degree to which they accept personal responsibility for 
what happens to them. Internal locus of control refers to the perception 
of positive and/or negative events as being a consequence of one's own 
action and thereby under personal control; external locus of control 
refers to the perception of positive and/or negative events as being 
unrelated to onefs own behaviour in certain situations and therefore 
beyond personal control. 
Introversion-Extroversion (I-E; Eysenck, 1968). The I-E personality 
inventory is a widely used personality dimension (Mischel and Mischel, 
1973). The typical extrovert is sociable, likes parties, has many 
friends, needs to have people to talk to and does not like reading or 
studying by himself; whereas the typical introvert is a quiet, retiring 
sort of person, introspective, fond of books rather than people and he 
is reserved and distant except with intimate friends. The extroversion 
dimension is frequently related to physiological arousal (Claridge, 
1967). 
Repression-Sensitization (R-S; Epstein and Fenz, 1967). The R-S scale 
was originally developed by Byrne (1961) to measure a continuum of 
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psychological defenses ranging from anxiety-avoidance to anxiety-
approach behaviour. The scale utilized a 30-item revision of the original 
127-item scale. Repressers are defined as avoiding anxiety by shutting 
out awareness of anxiety-producing cues and thoughts. They tend to be 
suggestive, naive, have stereotyped attitudes toward themselves 
and others, and are emotionally labile. Sensitizers on the other hand 
deal with anxiety by being alert to threatening cues. They accept anxiety 
rather than avoid it by denial, and are independent minded who avoid 
stereotyped responses. Intellectualization is their main form of defense. 
Physiological Measures 
A six-channel Beckman Offner Type R Dynograph was used to obtain 
six recordings of physiological activity: direct and integrated heart 
rate (HR), forearm flexor electromyographic activity (EMG), eye blink 
electrooculographic activity (EB), galvanic skin response (GSR), and 
respiration rate (RR). Recordings were taken using six Beckman 
couplers: an EKG A-C coupler (Type 9806A), a cardiotachometer coupler 
(Type 9857), two EMG integrator couplers (Type 9852), a GSR coupler 
(Type 9842), and a thermistor coupler (Type 9858), respectively. All 
physiological measures were monitored continuously and recorded at a 
chart speed of 5 mm per second. These physiological recordings con-
sisted of ink tracings on regular Beckman six-channel dynograph paper. 
Figure 1 presents an example of a typical physiological record. 
The electrocardiogram (EKG) signal was fed into the Beckman EKG 
coupler and then to both the output of this channel and into the 
external trigger of the Beckman cardiotachometer coupler. The output 
of the cardiotachometer was written out on another channel in beats per 
FIGURE 1. Example of physiological record. 
JUilUlUUUOt 
HR 
l U W U W U l J M l U U U U U ^ ^ 
Figure! Example of physiological record 
CARDIOTACH 
EMG N,V.^^'~V.4-' "» ,*+w.*l**+m+,*. > . . . . . , , »«»* ' . . •«»«•»» . •» * *< •« ' — ,*»«l«»»^.»<»«••! • » l « A »%JU»I><^IU—ll,> | >>. . •» 
j4/Va-^ . . . ,EB k i »X>.<..M*»^WM»>*««<,.. -«*>«\J»*-. •*>•>»» ^, Mn.ii, ngo-Ku^wiK*. K X l U N A t i M M I l J I ^ ' •» - . ^ S t j J W t w . A •» *k*k^N*. —L ^WKA**»*« -#M»Ky«.i—...,^A»^V 
- I V-
GSR 
minute (bpm) directly proportional to momentary rate. This procedure 
allowed the recording of both measures using one set of electrodes. 
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Electrodes used for HR and EMG were Beckman Biopotential 2cm 
silver-silver chloride electrodes; the EB electrodes were Beckman 
miniature electrodes. Electrode cups were filled with Beckman electrode 
paste, and fastened to location with adhesive collars. The electro-
dermal response was detected by an unmasked dry lead plate electrode 
(18mm x 20mm) taped to the volar surface of the distal phalange of the 
third digit on the right hand, with a reference electrode attached to 
the dorsal surface. The GSR and EB electrode sites were swabbed with 
distilled water and briskly rubbed with a gauze pad to remove skin 
oils and eliminate activity at the reference site. All other electrode 
sites were first prepared by rubbing with Sanborn Redux paste and 
cleaned with 70% isoprophyl alcohol. HR was measured by placing the 
electrodes on the sternum approximately three inches apart, with a 
ground electrode placed on the mastoid process. Forearm flexor EMG 
(flexor carpi radialis and flexor digitorium sublimis) was recorded 
from the ventral surface of the dominant forearm. EB activity was 
measured from the right eye, one electrode was placed in the center 
of the eyebrow and the other just below the center of the eye. A 
heat sensitive air flow thermistor taped to the tip of the subject's nose 
provided a measure of respiration rate. The electrode placements are 
illustrated in Figure 2 (a). 
Feedback and Task Information 
The feedback apparatus consisted of an International Telephone and 
Telegraph (ITT), (solid state model KP-704; 4-channel) oscilloscope 
FIGURE 2a. Illustration of electrode placements. 
FIGURE 2b. Illustration of experimental room. 
FIGURE 2c. Illustration of experimental control room. 
Figure 2b. Figure 2a. Figure 2c 
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display of instantaneous HR change relative to a pretrial baseline 
(Blankstein, 1976). The oscilloscope was at eye level approximately 
1.5 meters in front of the subject; the viewing screen of the oscilloscope 
was connected to the output voltage of the Beckman cardiotachometer. 
Thus, the oscilloscope provided beat-by-beat analogue feedback that 
was an exact duplication of what appeared on the Beckman cardiotacho-
meter channel. Pretrial baseline HR was represented on the oscilloscope 
feedback display by a dot moving on a horizontal line at the same speed 
as the cardiotach cursor. The horizontal position of the baseline dot 
was changed before each trial according to changes in the pretrial rest 
level in HR for that trial. The horizontally moving baseline dot and 
the cardiotach cursor moved in tandem across the screen at a sweep speed 
of 30 seconds. Intertrial changes in resting HR for purposes of the 
display were taken from an electronic counter timer. The electronic 
counter timer counted the number of R-waves~-. occurring within the last 
minute of each rest period and displayed this total for adjustment of 
the rest level by the experimenter. The oscilloscope rest display (the 
horizontal moving dot) was then adjusted accordingly preceding each trial. 
All subjects were run in a sound-attenuated, electronically shielded 
and grounded environmental chamber measuring 200 x 200 cm. The room 
contained an overstuffed chair, oscilloscope, table, and auxiliary 
video tape equipment and furnishings. The experimental control room 
adjacent to the subject room contained a polygraph, closed-circuit TV 
system, intercomsystem, tape recorder, electronic counter timer, and 
associated control equipment and furnishings. A Fanon (model F1C) 
intercom system was used for communication between the control room and 
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subject room. Subjects were continuously monitored in the laboratory 
by means of an Shibaden closed circuit TV system. 
Signals to the subject indicating HR increase or decrease trials, 
pretrial rest periods, and self-rating of HR performance were provided 
by an illuminated panel, which was positioned on top of the oscilloscope 
display. These instructional stimuli were controlled manually by the 
experimenter. 
A pictorial representation of the layout of the experimental rooms 
is presented in Figures 2 (b) and 2 (c). 
Procedure 
The experimental procedure consisted of two identical sessions 
approximately one week apart. Upon arrival at the laboratory each 
subject was taken to a waiting room and given a health and consent form 
plus the preexperimental personality battery. The consent form ex-
plained the procedure and the nature of the physiological measurements 
(see Appendix B). The health form assessed subject's present state of 
health with particular reference to cardiovascular, respiratory, mus-
cular disorders, and drugs recently taken (see Appendix C). 
The subject was then taken to the experimental room and seated in 
a comfortable reclining chair. After the electrodes were attached 
and reliable recordings obtained, subject was asked to make himself 
comfortable in the chair (head resting on the back and arms resting 
on the arms of the chair). The experimenter then left the experimental 
chamber. Subjects then listened to taped instructions. The feed-
back display was activated and subjects were told that movements of 
the cardiotach cursor were directly proportional to changes in HR such 
34 
that upward movement represented HR increases, while downward movements 
represented HR decreases. Subjects were instructed to remain as still 
as possible during the experiment and it was clearly specified that HR 
was the physiological function to be regulated. Subjects were further 
informed of the temporal sequence of the experiment and that they were 
to raise or lower their HR by purely mental means. 
Both sessions began with a five minute baseline period at the 
end of which the subjects1 preexperimental baseline was determined. 
The experimental session consisted of four eight minute cardiac control 
trials, two of these trials were HR increase trials, and two were HR 
decrease trials. Each HR control trial was preceded by a three minute 
pretrial rest period signalled to the subject by the illumination of 
the rest sign. The last 60 seconds of this pretrial rest period were con-
sidered the crucial interval for balancing the oscilloscope horizontal 
dot which represented pretrial HR level. Immediately following this 
period the experimenter adjusted the oscilloscope such that the horizon-
tally moving dot on the feedback display represented the adjusted pretrial 
HR for the subsequent cardiac control trial. Following each cardiac 
control trial was a self-rating period. The illumination of the rating 
sign was the subjects1 signal to rate his HR control performance on a 
scale ranging from one (not successful in controlling HR) to ten 
(totally successful in controlling HR). A wall chart reviewed the 
end points of this self-rating scale. Finally, there was a 30-second 
time-out period following the self-rating period and preceding the 
three minute pretrial rest period. During this period the subject was 
allowed to adjust his position in the chair. An outline of the 
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experimental procedure is presented in Table 1. 
The two types of cardiac control trials (increase and decrease) 
were counter-balanced for order of presentation such that half of the 
subjects started the first experimental session with increase trials while 
the other half were presented first with decrease trials. Also, since 
orienting and/or anticipatory responses frequently occur in response to 
the illumination of instructional stimuli, the recording intervals for 
pretrial rest periods and cardiac control trials were not initiated 
until the GSR orienting response to these stimuli returned to pre-
stimulus level. 
After a five minute rest period at the end of the experiment 
subjects completed a post-experimental questionnaire* with specific and 
open-ended questions, in order to provide several types of information 
concerning the cognitive strategies used to control HR (see Appendix D). 
Specifically, this questionnaire was designed to assess what thoughts, 
feelings or images subjects employed as well as how vivid these cognitions 
were during attempts to increase and decrease heart rate. 
The complete set of instructionsjjLven to all subjects before each 
session is presented below. 
Please pay close attention to the following instructions. 
The purpose of this study is to examine people's ability to 
voluntarily increase and decrease their heart rate through purely mental 
means. 
The oscilloscope screen in frontof you will supply a display of 
momentary changes in heart rate. The oscilloscope feedback display 
consists of two horizontally moving dots. The dot moving on a stable 
line represents your resting heart rate. The vertically fluctuating 
dot represents the second by second changes in the speed of your 
heart. Your task will be to increase or decrease your heart rate by 
purely mental means. That is, make the fluctuating dot stay above the 
stable dot while attempting to increase your heart rate and below the 
stable dot while attempting to decrease your heart rate. 
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TABLE 1 
Summary of the Experimental Procedure 
Preexperimental 
Waiting Room 
1. Consent Form 
2. Health Form 
3. Personality Battery 
3 
5 min. First 8 min. 
Baseline HR Control 
Period Trial 
Second Self-Rating 
8 min. of HR 
HR Control Performance 
Trial 
Self-Rating 30 sec. 
of HR Time-out 
Performance Period 
Experimental Room 
Attachment of Adjustment of Taped 
Electrodes the Polygraph Instructions 
Self-Rating 
of HR 
Performance 
30 sec. 
• Timeout 
Period 
3 min. 
Pretrial 
Rest Period 
30 sec. 3 min. 
Time-out Pretrial Rest 
Period Period 
3 min. Third 
Pretrial 8 min. 
Rest Period HR Control 
Trial 
Fourth Self-Rating 
— 8 min. of HR 
HR Control Performance 
Trial 
30 sec. 5 min. Post experimental 
Time-out Postexperimental Questionnaire 
Period Rest Period 
1. Experimental procedure consisted of 2 identical sessions approximately 
one week apart. 
2. A ten point rating scale^was utilized where 1 represented no 
success in controlling HR and 10 represented total success in 
controlling HR. 
3. Increase and Decrease Trials were counterbalanced for order of 
Presentation. 
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The small screen on top of the oscilloscope will tell you what 
to do during each phase of the study. When the "Rest11 sign is illu-
minated, you must try to remain as still as possible until the sign 
turns off in order that we may obtain a physiological resting state 
for you. When the "Increase" sign is illuminated, you are to increase 
your heart rate relative to the stable dot until the increase sign 
is turned off. When the "Decrease" sign is illuminated, you are to 
decrease your heart rate relative to the stable dot until the sign is 
turned off. 
When the "Rating" sign is illuminated, you are to rate how success-
ful you felt you were at controlling your heart rate in the trial 
just completed. This rating will be a number from 1 to 10 where one 
means "no control" and 10 means "complete control". 
When there are "No Instructions" being illuminated on the screen 
you may change position in the chair and stretch, but please do not 
stand up. It is very important that during the rest of the experiment 
you remain as still as possible because the recordings being taken 
are very sensitive and easily contaminated by movement. 
This session consists of four heart rate control trials. Two 
trials will be increase trials and two trials will be decrease trials. 
Between each trial there will be a rest period and points at which 
you may change position in the chair. Following each increase and 
decrease trial the rating sign will be illuminated and you are to 
give the number that best describes your success during the trial just 
completed. 
I will briefly repeat the instructions: 
In this study you will be required to increase or decrease your 
heart rate by purely mental means. That is, make the fluctuating 
dot stay above the stable dot while attempting to increase your heart 
rate and below the stable dot while attempting to decrease your heart 
rate. 
The screen on top of the oscilloscope will inform you as to which 
phase of the study you are in. The different phases of the study are 
as follows: during the rest phase remain as still as possible - do not 
move about; during the increase phase increase your heart rate relative 
to the stable dot; during the decrease phase decrease your heart rate 
relative to the stable dot; when the rating sign flashes give a self-
rating of success in controlling heart rate; when no instructions are 
illuminated you may change position in the chair, but do not stand up. 
The session consists of two increase trials and two decrease 
trials. Between each trial there will be a self-rating period, a no 
instruction period, and a rest period. 
The intercom system is set to receive you at all times so it 
is not necessary for you to move when giving your self-rating of success. 
At any point in the experiment, should you wish to discontinue 
your participation in the experiment, please inform the experimenter 
via the intercom and the session will be terminated. 
Please say "yes" through the intercom if you understand the 
procedure and wish to continue with the experiment. 
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Physiological Data Reduction 
Physiological responding was assessed during the following 
measurement periods for each session: (a) pretrial rest periods, and 
(b) HR control trials. These measurement periods were subdivided into 
10 second intervals for scoring purposes in order to maximize the sensi-
tivity to change within each physiological modality. This scoring 
procedure produced 18-ten second intervals for each three minute 
pretrial rest period and 48-ten second intervals for each eight 
minute increase and decrease trial. The next step in the physio-
logical data analysis consisted of the utilization of a 30 second 
"floating" block sampling procedure. A "Block" was defined as the 
sum of three consecutive 10 second intervals. This block was then 
"floated" with a new sample being taken every 10 seconds, that is, 
the first block for each measurement consisted of the sum of the first 
three 10 second intervals, the second block produced consisted of 
the sum of the second, third and fourth intervals, the third block 
consisted of the sum of the third, fourth and fifth intervals, this 
sampling procedure continued until all 10 second intervals had been 
included in a block. Thus, the first and last 10 second intervals 
of each measurement period were used only once in the first 30 second 
block and the last 30 second block respectively, while the second 
and second to last 10 second interval of each measurement period were 
used in the first two and last two 30 second blocks respectively. 
Each of the remaining 10 second intervals was included three times 
in three consecutively floated 30 second blocks. This sampling 
procedure produced sixteen 30 second blocks for each three minute 
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pretrial rest period and 46 blocks for each HR control trial on each 
physiological variable for each subject. The development and utilization 
of the floating block sampling procedure was necessitated by the 
extended eight minute trial periods in order to reduce within physiological 
measure variability, yet maintain the sensitivity to change afforded 
by a 10 second scoring procedure. A schematic diagram of 30 second 
floating block sampling procedure is presented in Figure 3. 
Prior to statistical analysis raw block scores were converted 
to change scores. Thus, change scores were the number of responses 
per 30 second block that each trial differed from the average response 
of the last six blocks of the preceding rest period. 
Quantification of Physiological Variables 
Appropriate scoring and quantification procedures had to be 
devised for dependent variables derived from the five physiological 
measures. The final dependent variables with their derivation are 
outlined below. 
Heart Rate (HR) 
HR was calculated by counting the actual number of beats as 
determined by R-waves, to the nearest tenth of a beat, during the 10 
second intervals for each trial and pretrial period. 
Respiration Rate (RR) 
The number of completed and partially completed inspiration-
expiration cycles were counted to the nearest tenth and recorded as 
cycles per 10 second interval. 
FIGURE 3. Schematic diagram of the 30 second floating block 
sampling procedure. 
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•Second 30 sec. Block 
i—First 30 sec. Block-
-Third 30 sec. Block—i 
First 
10 sec. 
Interval 
Second 
10 sec. 
Interval 
Third 
10 sec. 
Interval 
Fourth 
10 sec. 
Interval 
Fifth 
10 sec. 
Interval 
NOTE: (1) sixteen 30 sec. blocks were produced for each pretrial 
rest period. 
(2) forty-six 30 sec. blocks were produced for each HR 
control trial. 
(3) change scores were computed from these block scores. 
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Forearm Flexor (EMG) 
The number of separate integrated responses of 0.50 mv or more 
in amplitude were tabulated for each 10 second interval. Integrated 
EMG's were differentiated from movement artifacts by their sharp spike-
like shape with the trace returning to the point of departure. 
Eye Blink (EB) 
Sensitivity on the Beckman preamplifier was adjusted until blinks 
were easily observable. For each ten second interval, the number of 
deflections of the integrated eye blink signal greater than five 
millimeters, with a rise time of less than 0.5 seconds were counted. 
Eyeblinks could be differentiated from movements and closures of the 
eye by their sharp spike-like shape with the trace returning to the 
point of departure. 
Exosomatic Galvanic Skin Response (GSR) 
The number of non-specific phasic GSR decreases in resistance of 
1 Kohm or greater were counted for each 10 second interval. 
Table 2 summarizes the physiological variables, method of scoring, 
and unit of measurement for each variable. 
TABLE 2 
Physiological Variables, Method of Scoring and Units of Measurements 
Variable Method of Scoring *Units of Measurement 
Heart Rate Number of beats in 10 sec. interval 
recorded to nearest .1 beat 
Beats per 10 sec. 
Respiration Rate Number of respiratory cycles in 10 
sec. interval recorded to nearest 
.1 cycle. 
Cycles per 10 sec. 
Forearm Flexor EMG Frequency of criterion EMGs in 10 
sec. interval 
Frequency per 10 sec. 
Eye-blink Frequency of criterion blinks in 10 Frequency per 10 sec. 
sec. interval 
Non-specific GSR's Frequency of criterion defections 
(1 Kohm) in 10 sec. interval 
Frequency per 10 sec. 
*ALL 10 sec. intervals were subsequently converted to 30 sec. blocks by utilizing the Floating Block Sampling 
Procedure. Prior to statistical analysis these blocks were converted to change scores. 
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RESULTS 
Paradigm for Data Analysis-Analytical Procedures 
Pretrial rest period to HR control trial changes in response were 
computed (in 30 sec. blocks) for each physiological variable for each 
HR control trial across each session. Separate change scores were 
computed for increase and decrease HR control trials. Thus, these 
change scores were the units of analysis for the physiological variables. 
One possible difficulty in analysing the change scores from each 
physiological measure might be that the observed changes in these para-
meters may have resulted from differences in pretrial responding during 
acceleration or deceleration training rather than from changes in 
responding during operant conditioning trials. To examine such 
possible fluctuations, separate repeated measures analyses of variance 
(ANOVA; analyses were computed separately for each session) comparing 
pretrial responding during increase trials to pretrial responding during 
decrease trials were computed for each physiological variable. 
In order to assess changes in HR control performance across trials 
and sessions for HR acceleration and deceleration attempts, separate 
one-way ANOVAs were performed. Increase and decrease HR performance 
across trials was the repeated factor with order of presentation 
(increase first/decrease first) as the between subject factor. 
The primary analysis of heart rate control performance was by 
analysis of covariance. Heart rate change scores were submitted to a 
2 x 2 x 2 x 2 complex analysis of covariance (order x direction of HR 
change x session x trials; with HR performance repeated within sessions 
and trials and the pretrial HR covariate repeated within sessions 
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and trials such that each HR performance trial mean was covaried with the 
pretrial HR level for that trial). This covariance procedure was 
utilized in order to eliminate the influence of initial pretrial level 
of HR on subsequent levels of HR control performance (e.g., "the law of 
initial values"; Lacey, 1956; Wilder, 1957, 1967). Wilder (1967) 
stated the Law of Initial Values as follows: 
Given a standard stimulus and a standard 
period of time, the extent and direction of 
response of a physiological function at rest 
depends to a large measure on its initial 
(preexperimental) level. The relations are 
as follows: the higher the initial value, 
the smaller the response to function-raising, . 
the higher the response to function-depressing 
stimuli. Beyond a certain medium range 
of initial values, there is a tendency to 
paradoxic (reversed) responses, increasing 
with the extremeness of initial values (p. viii). 
The value of the covariance approach within Wilder fs conceptualization 
of the law of initial values is that it combines the analysis of variance 
and correlation techniques in such a way that responses among groups, 
or individuals, can be analysed for significant differences while 
taking the correlation between pretrial HR and HR control levels into 
account. 
The analyses presented above examined the extent to which subjects 
demonstrated bidirectional HR control. It is also possible to 
examine the relationships between the magnitudes of HR change during 
control trials and the magnitudes of other physiological responses 
from an individual differences perspective. Such an analysis would 
provide information concerning the extent to which HR responses were 
related to other physiological responses. Hence, intraindividual 
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correlation coefficients were computed between HR and the other physio-
logical variables for increase and decrease trials. Further, these 
coefficients were cluster analysed in order to identify discernable 
physiological patterns associated with bidirectional HR control. Also, 
pertinent to this issue is the examination of the stability of the 
observed associations of HR across trials between successful/non-
successful HR increasers and successful/non-successful HR decreasers. 
The self-report HR performance data were analysed by repeated 
measures analysis of variance. 
The last step in the statistical analysis was an examination of the 
relative contribution of the set of mediational variables (physio-
logical, cognitive and dispositional) to HR increase and decrease 
performance. Canonical correlation analysis was the mutivariate 
technique used in seeking the relationships between the above two sets 
of variables. The essential question inherent in this analysis was, 
"What sort of physiological, cognitive and personality profiles 
tend to be associated with operant HR increase and decrease?" Canonical 
correlation analysis answers this question by determining linear 
combinations of the physiological, cognitive and personality variables 
which are most highly correlated with linear combinations of increase 
and decrease HR performance. Canonical analysis identifies the 
components of one set of variables (physiological, cognitive and 
personality) which are most highly linearly related to the components 
of the other set of variables (mean increase and mean decrease HR 
performance). This statistical approach is ideally suited for 
uncovering the structure underlying the sample's bidirectional HR 
performance. 
The results of these analyses are presented in the Immediately 
succeeding sections. The presentation of results will be organized 
in terms of: (1) heart rate control performance, (2) individual differences 
in physiological patterning, (3) self-report of success at controlling 
HR, and (4) prediction of HR performance: canonical correlation analysis. 
Heart Rate Control Performance 
Figure 4 presents mean heart rate change from pretrial HR levels 
to HR control attempts for increase and decrease trials. The HR 
change score data was subjected to separate repeated measures analysis 
of variance in which Order (presentation of either increase or decrease 
trials during the first session) was a between subject factor and 
increase and decrease HR performance the repeated within subject 
factor. Results of this analysis revealed that HR increase performance 
did not significantly change across trials although the order main 
effect was significant, F(l, 47) = 4.14, p < .05. Examination of 
decrease HR performance revealed that the ability to decrease heart 
rate significantly improved across trials, F(3, 141) = 6.38, p< .0001. 
The order main effect and order x HR performance interaction was not 
statistically reliable for the decrease HR performance analysis. 
Subjects thus clearly showed an improvement in their ability to 
decrease HR across trials, whereas their increase HR performance did not 
reliably improve across trials. HR increasing subjects generally 
produced the greatest magnitude of change within the first HR increase 
trial and maintained this HR change on subsequent trials. Tables 3 and 
4 summarize the preceding analyses. 
Mean HR changes for cardiac control trials were subjected to a complex 
FIGURE 4. Increase and decrease HR performance across 
HR control trials. 
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TABLE 3 
Summary Table For One-Factor 
ANOVA on Increase and 
Decrease HR Performance 
Increase Performance 
Source 
Order 
Error 
HR Performance 
HR Performance x Order 
Error 
df 
1 
47 
3 
3 
141 
SS 
6661.48 
75675.68 
494.04 
567.60 
43522.42 
MS 
6661.48 
1610.12 
164.68 
189.21 
308.67 
4 
0 
0 
Decrease Performance 
Source 
Order 
Error 
df 
1 
47 
SS 
115.75 
23769.55 
MS 
115.75 
505.74 
HR Performance 3 3618.11 1206.04 
HR Performance x Order 3 1359.60 453.20 
Error 141 26634.51 188.90 
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TABLE 4 
Means and Standard Deviations for 
Increase and Decrease HR Performance 
Increase Performance 
Increase HR 1 
Increase HR 2 
Increase HR 3 
Increase HR 4 
Order 1 (N = 25)" 
2.5 (2.52) 
2.9 (2.50) 
2.5 (2.37) 
3.0 (3.37) 
Order 2 (N = 24) 
1. 
1. 
1. 
1. 
,5 
.9 
.6 
,3 
(2. 
(2. 
(2, 
.21) 
.59) 
.52) 
(1.73) 
Decrease Performance 
Decrease HR 1 
Decrease HR 2 
Decrease HR 3 
Decrease HR 4 
1. Order 1 = 
Order 2*= 
IDID 
DIDI 
Order 1 (N - 25) 
0.0 (1.50) 
-0.5 (1.78) 
-0.4 (1.53) 
-0.4 (1.37) 
Session 1, DIDT 
Session 1, IDID 
Session 
Session 
2 
2 
Order 2 (N = 
1.0 (1.63) 
-0.2 (1.40) 
-0.6 (1.64) 
-0.8 (2.13) 
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analysis of covariance in order to assess HR performance effects due 
to: (a) order of HR control trial presentation (increase first or 
decrease first), (b) direction of HR change (increase-decrease), 
(c) across session changes (session 1 - session 2), and (d) within 
session changes (two increase and two decrease trials per session). 
Pretrial HR level was repeated within sessions, that is, each HR 
control performance trial mean was covaried with each preceding pretrial 
HR level. The resultant design was as follows: 2 (order; between 
factor) x 2 (direction of HR change; within factor) x 2 (session, 
within factor) x 2 (trials; repeated within factor). 
A summary of the analysis of covariance is presented in Tables 5 
and 6. Results of this analysis revealed no significant main effects 
due to order or sessions. Direction of HR change was significant, 
F(l, 46) - 71.74, p < .0001, and HR change across trials was also 
significant, F(l, 46) » 8.42, p < .01. Second and third order interactions 
involving sessions and order factors were significant but of special 
interest was the 4-way interaction involving direction of HR change 
x sessions x trials x order, F(l, 46) = 6.36, p< .02. Figure 5 
contains the component relationships of the 4-way interaction. The 
cell means plotted in Figure 5 have been adjusted for pretrial HR 
level. These adjusted cell means are presented in Table 6. 
It is evident from Figure 5 that two sources of variation account 
for the 4-way interaction. First, subjects who began session one 
with an increase trial performed better on subsequent HR increase 
trials than subjects who began session one with a decrease trial. 
Second, subjects who began session one with a decrease trial actually 
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TABLE 5 
Summary Table For Analysis of Covariance 
with Pretrial Baseline HR as Covariate 
Source df SS MS F Probability 
Order 
Covariate 
Error 
HR Performance 
HR Performance 
Covariate 
Error 
Sessions 
X Order 
Sessions x Order 
Covariate 
Error 
HR Performance 
HR Performance 
x Order 
Covariate 
Error 
Trials 
X 
X 
1 
1 
46 
1 
1 
1 
46 
1 
1 
1 
46 
Sessions 1 
Sessions 
Trials x Order 
Covariate 
Error 
1 
1 
46 
1 
1 
1 
46 
2863.30 
433.69 
62920.20 
55568.66 
3956.88 
458.46 
35632.87 
1265.62 
849.17 
267.90 
18569.30 
767.92 
788.97 
1791.01 
7547.39 
984.62 
414.06 
1890.66 
5376.38 
2863.30 
433.69 
1367.83 
55568.66 
3956.88 
458.46 
774.63 
1265.62 
849.17 
267.90 
403.68 
767.92 
788.97 
1791.01 
164.07 
984.62 
414.06 
1890.66 
116.88 
2.09 
0.32 
71.74 
5.11 
0.59 
3.14 
2.10 
0.66 
4.63 
4.81 
10.92 
8.42 
3.54 
16.18 
0.15 
0.58 
0.00 
0.03 
0.45 
0.08 
0.15 
0.42 
0.04 
0.03 
0.00 
0.01 
0.07 
0.00 
HR Performance x Trials 
HR Performance x Trials 
367.18 367.18 1.86 0.18 
x Order 
Covariate 
Error 
Sessions x Trials 
Sessions x Trials 
x Order 
Covariate 
Error 
1 
1 
46 
1 
1 
1 
46 
0.64 
5253.03 
9090.43 
160.99 
0.15 
1382.70 
6930.04 
0.64 
5253.03 
197.62 
160.99 
0.15 
1382.70 
150.65 
0?00 
26.58 
1.07 
0.00 
9.18 
0.95 
0.00 
0.31 
0.97 
0.00 
HR Performance x Sessions 
x Trials 1 
HR Performance x Sessions 
x Trials x Order 1 
Covariate 1 
Error 46 
308.54 308.54 2.56 0.12 
.767.14 
6506.54 
5551.56 
767.14 
6506.54 
120.69 
6.36 
53.91 
0.02 
0.00 
TABLE 6 
Adjusted Cell Means and Standard Deviations 
for HR in the Analysis of Covariance 
Trial 1 Increase 
Decrease 
Order 1 (N - 25) 
Session 1 Session 2 
2.5 (2.52) 2.4 (2.37) 
-0.2 (1.50) -0.4 (1.53) 
Trial 1 Increase 
Decrease 
Order 2 (N = 24) 
Session 1 Session 2 
1.7 (2.21) 1.9 (2.52) 
1.2 (1.63) -0.5 (1.64) 
Order 1 (N - 25) 
Session 1 Session 2 
Trial 2 Increase 2.7 (2.50) 2.8 (3.37) 
Decrease -0.7 (1.78) -0.6 (1.37) 
Trial 2 Increase 
Decrease 
Order 2 (N - 24) 
Session 1 Session 2 
2.0 (2.59) 1.5 (1.73) 
-0.1 (1.40) -0.7 (2.13) 
1. Order 1 - IDID 
Order 2 = DIDI 
Session 1, 
Session 1, 
IDID 
IDID 
Session 2 
Session 2 
FIGURE 5. Performance X sessions X trials X order interaction 
during HR control. 
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increased their HR, however subsequent HR decrease trials for these 
subjects were comparable to subjects who began session one with an 
increase trial. This relationship of order to decrease performance is 
not present during the second experimental session. This association 
is of particular relevance to the explanation of the acquisition of 
the ability to bidirectionally control HR. 
It appears that large magnitude HR increases (X « 8.2 bpm) are 
produced within the first trial of the first session and that 
additional HR control trials do not enhance this performance. For 
the learned reduction of HR it appears that a successful HR control 
trial is the necessary prerequisite to the production of HR decreases 
(X = -3.4 bpm). Further, feedback training appears to enhance the 
production of HR decreases subsequent to the initial successful increase 
trial. 
In order to test the effect of contingent monetary reward on the 
development of learned HR control the analysis of covariance was 
repeated utilizing the variable payment - no payment as a between 
subject factor. No significant main effects of payment emerged from 
this analysis and the previously described interactions did not change 
(see Appendix E for a summary of this analysis). 
Repeated measures analysis of variance on pretrial response level 
for each physiological variable were computed in order to assess 
habituation within these variables across each experimental session. 
Results indicated no evidence of habituation for any of the physiological 
measures for either of the two experimental sessions. Hence, the HR 
changes illustrated in Figures 4 and 5 are not attributed to fluctuations 
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in pretrial HR levels (see Appendix F for a summary of these analyses). 
In summary, the analysis of mean HR performance during HR increase 
and decrease trials produced the following findings: (a) large magnitude 
HR increases are produced during the first increase attempt and 
additional training trials do not enhance increase performance, 
(b) HR decrease performance improved with additional training, 
(c) an effect due to order of trial presentation emerged such that the 
first successful decrease performance was produced subsequent to a 
successful HR increase trial, (d) contingent monetary rewards had no 
effect on the development of learned HR control, and (e) there was 
no evidence of habituation for any of the physiological variables 
within any of the sessions. 
Individual Differences in Physiological Patterning 
Correlational Analysis 
In order to examine the relationship between magnitudes of HR 
responses during HR control trials and the magnitudes of other 
physiological variables, intraindividual correlation coefficients 
were computed using data from blocks which met a performance criterion. 
All correlations were computed utilizing only blocks that exceeded the 
mean HR performance computed from all blocks for all subjects' per-
formance trials. Separate coefficients were computed from all HR 
control trials between HR and each physiological variable for increase 
and decrease performance. Such an analysis provided information 
concerning the association between HR and the other autonomic responses. 
The individual correlations for increase and decrease trials for all 
subjects are presented in Tables 7 and 8. 
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Examination of the correlations revealed: (a) considerable 
differences between subjects in both magnitude and direction of the 
correlations, and (b) averages of the individual correlations were 
relatively small for HR increase and decrease attempts. These results 
indicate highly idiosyncratic response patterns associated with the bi-
directional control of HR. 
Cluster Analysis 
Due to the large variation of the intraindividual correlations 
between HR and the other physiological variables, a cluster analysis 
was performed in order to find clusters of physiological responding 
on which subjects, in general, grouped together. Each cluster can be 
thought of as describing a pattern of physiological responding. That 
is, within an operant HR conditioning paradigm the emergent clusters 
describe a particular combination of physiological responding. 
Each subjectfs intraindividual correlation coefficients between 
HR performance and RR and GSR for increase and decrease trials were 
used as inputs into the cluster analysis package (BMDP; Brown, 1977). 
The clustering technique selected was an agglomerative hierarchical 
solution utilizing the Average Linkage or Average Distance Method 
where distance measures are the Euclidean distances (square root of 
the sum of squares of the distances between variables) which have the 
smallest distances at each amalgamation step. The average linkage-
distance method fuses clusters Xor individual correlations) that are 
the smallest average distance away from each other. The clustering 
is hierarchical, which means that a sequence of clustering is produced. 
A cluster at any given level in the hierarchy may be the same as at 
the preceding level, or contain a merging of two or more clusters from 
TABLE 7 
Mean HR Performance, Number of Blocks Above Criteria 
and Correlations between HR and the Physiological 
Variables (RR, EMG, EB, GSR) for 
Increase Trials 
Sub j ect 
Number of 
Blocks 
Above 
Criteria 
163 
120 
123 
184 
118 
48 
138 
97 
11 
91 
159 
132 
35 
48 
119 
73 
50 
111 
89 
55 
23 
73 
56 
43 
0 
X HR 
Performance 
3.7 
4.3 
4.8 
9.3 
3.7 
3.8 
6.0 
2.9 
3.3 
3.4 
5.1 
4.0 
3.7 
3.8 
3.8 
3.7 
2.9 
5.1 
5.5 
3.2 
2.8 
3.8 
2.9 
3.7 
0 
RR 
.24 
-.45 
.10 
.16 
.13 
-.62 
.6,7 
-.06 
-.77 
-.11 
.18 
-.20 
.06 
-.46 
-.05 
-.05 
.35 
-.06 
.41 
.28 
-.62 
.64 
.34 
.24 
0 
EMG 
-.18 
-.63 
— * 
-.04 
-.11 
-.27 
.22 
.21 
-.13 
.09 
-.14 
.00 
.00 
-.44 
.18 
.25 
.14 
.19 
-.01 
-.06 
.00 
.36 
.27 
.60 
0 
Eye 
Blink 
-0.6 
-.17 
.22 
.12 
-.04 
-.53 
-.08 
-.05 
.59 
.02 
-.27 
-.13 
-.29 
-.35 
.42 
.45 
-.25 
.15 
-.13 
-.09 
-.30 
-.43 
-.10 
.32 
0 
GSR 
.01 
.37 
.35 
.02 
-.04 
-.05 
.38 
.20 
.65 
.20 
.10 
-.45 
.62 
-.14 
.18 
.04 
.32 
.09 
-.31 
.23 
.41 
-.02 
.19 
.41 
0 
*EMG data for subject 3 was 
Subj ect 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
lost due 
Number of 
Blocks 
Above 
Criteria 
0 
123 
94 
13 
137 
169 
106 
131 
59 
110 
161 
20 
35 
32 
68 
70 
0 
. 54 
0 
81 
96 
169 
118 
58 
41 
X HR 
Performance 
0 
4.4 
4.7 
2.7 
4.1 
9.7 
4.3 
4.1 
3.1 
3.5 
4.0 
3.1 
4.2 
3.0 
3.0 
3.1 
0 
3.5 
0 
5.2 
3.0 
5.3 
4.2 
2.9 
3.0 
to recording error. 
RR EMG , Eye GSR 
Blink 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
0 
.54 
.19 
.23 
.61 
.08 
.14 
.26 
.33 
.33 
.26 
.13 
.84 
.30 
.33 
.16 
0 
.19 
0 
.35 
.35 
.17 
.41 
.12 
.08 
0 
-.18 
.00 
.02 
-.04 
-.08 
.05 
-.13 
-.13 
-.14 
-.15 
-.05 
-.07 
-.05 
.20 
.57 
0 
.01 
0 
-.13 
-.02 
-.22 
.09 
-.36 
-.12 
0 
-.22 
.18 
.25 
.25 
.13 
-.16 
-.25 
.16 
.29 
.20 
.17 
-.42 
-.19 
.42 
-.47 
0 
-.13 
0 
.04 
-.12 
-.18 
.04 
.14 
-.08 
0 
.63 
.29 
.25 
.58 
-.02 
-.04 
.10 
.44 
-.17 
.23 
-.15 
.72 
.01 
.15 
.51 
0 
.24 
0 
.49 
.35 
.02 
.16 
.04 
.10 
TABLE 8 
Mean HR Performance, Number of Blocks Above Criteria 
and Correlations Between HR and the Physiological 
Variables (RR, EMG, EB, GSR) 
For Decrease Trials 
Subject 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Number of 
Blocks 
Above 
Criteria 
85 
53 
51 
163 
45 
58 
48 
50 
144 
93 
106 
50 
143 
67 
139 
148 
8 
96 
108 
129 
84 
54 
18 
59 
134 
X HR 
Performance 
-1.5 
-1.1 
-1.0 
-1.7 
-2.3 
-0.8 
-3.1 
-0.6 
-2.6 
-0.9 
-1.5 
-1.1 
-1.8 
-1.0 
-1.8 
-2.3 
-0.7 
-2.2 
-3.8 
-1.4 
-1.5 
-1.1 
-1.2 
-1.2 
-2.2 
RR 
-.30 
.57 
-.36 
.30 
.02 
.27 
-.50 
-.21 
-.18 
.22 
-.06 
.47 
.56 
-.04 
.38 
.08 
.56 
-.38 
-.48 
.29 
-.33 
.22 
.24 
.04 
.05 
EMG 
.54 
.06 
— * 
-.06 
.16 
-.27 
.02 
.04 
-.29 
.05 
.27 
.00 
-.13 
-.18 
.30 
.08 
-.08 
-.24 
-.11 
-.13 
-.07 
.25 
.00 
.42 
.00 
Eye 
Blink 
.36 
.19 
.38 
.41 
.24 
-.03 
.19 
.12 
.55 
.14 
.35 
.11 
.56 
.13 
.02 
.46 
.37 
.13 
.56 
.15 
.22 
-.32 
.30 
.14 
.06 
GSR 
.32 
-.01 
-.18 
-.24 
.00 
.00 
.00 
.00 
.30 
-.10 
.30 
.13 
.05 
-.21 
-.01 
.26 
-.32 
.09 
.79 
-.07 
.13 
-.38 
.14 
-.32 
.09 
Subject 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
Number of 
Blocks 
Above 
Criteria 
182 
56 
120 
148 
67 
31 
134 
73 
33 
41 
60 
152 
128 
87 
118 
100 
123 
117 
153 
• 122 
85 
166 
69 
110 
112 
X HR 
Performance 
-2.5 
-1.9 
-1.9 
-1.9 
-1.2 
-2.1 
-2.1 
-1.5 
-0.8 
-1.7 
-1.3 
-2.3 
-1.5 
-3.0 
-1.5 
-1.5 
-1.2 
-1.8 
-1.8 
-1.2 
-1.6 
-2.2 
-1.2 
-1.3 
-1.8 
RR 
-.13 
-.07 
-.24 
.24 
-.45 
-.22 
.10 
.39 
.19 
-.07 
-.45 
-.12 
.10 
.47 
.19 
.32 
-.15 
-.43 
.32 
.00 
-.72 
.03 
.32 
.32 
.12 
EMG 
-.03 
.45 
.06 
-.06 
-.19 
.00 
-.04 
.15 
.28 
.29 
-.17 
.25 
.04 
-.32 
.13 
.00 
-.02 
-.31 
-.27 
-.07 
.05 
-.18 
.01 
-.23 
.24 
Eye 
.75 
.11 
.20 
.28 
.57 
.29 
.30 
.28 
.33 
.37 
.23 
.64 
-.55 
-.25 
.23 
.58 
-.07 
.48 
.17 
-.04 
.27 
-.16 
.21 
.89 
.04 
GSR 
.69 
-.21 
-.14 
.32 
.24 
-.53 
.20 
.13 
-.35 
.34 
.23 
.00 
-.31 
-.22 
-.11 
.12 
-.10 
.32 
.07 
-.15 
.48 
.00 
.01 
.77 
-.09 
*EMG data for subject 3 was lost due to recording error 
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the preceding level. The first non-singular cluster consists of the 
correlations with the smallest Euclidean distance between them. Each 
successive clustering step is produced when an increasingly larger 
distance is taken as the criterion for putting individuals into the 
same cluster. The distance between the clusters is called the 
amalgamation distance. The experimental researcher makes a judgement 
as to when an optimal number of clusters has been reached by looking 
for sudden increases in this distance. The rationale is that when the 
"correct" number of clusters is reached, further fusion of these 
clusters will lead to these large increases because the clusters at 
this point are clearly separated. Inspection of the results of the two 
variable (RR, GSR) cluster analysis (Table 9 and Table 10) revealed 
a sharp increase in the amalgamation distance after eight clusters for 
increase trials and seven clusters for decrease trials. 
Tables 9 to 12 present the results of the increase and decrease 
cluster analyses for RR and GSR. These physiological variables were 
clustered by 46 subjects on increase trials and 50 subjects on decrease 
trials. Four subjects were excluded from the increase cluster analysis 
because they did not meet the mean HR performance criterion on any of the 
HR control blocks. The exclusion of EMG and EB from the cluster analysis 
was necessitated due to the large variability in the intraindividual 
correlation coefficients and the relatively small sample size. Because 
of this prevalent variability it was expected that all possible com-
binations of physiological patterns would emerge as distinct clusters. 
Hence, if two physiological variables were utilized in the analysis eight 
clusters would be expected to emerge, similarily if all four physiological 
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TABLE 9 
Cluster Analysis of HR Increase Trials for 
RR and GSR Using the Average Linkage Method^ 
DUSTER 1 N = 15 CLUSTER 2 N = 12 CLUSTER 3 N - 6 
ject 
jer RR 
.24 
.16 
.13 
.06 
.11 
.18 
.05 
.05 
.06 
.08 
.14 
.13 
.17 
.12 
.08 
XUSTER 4 N 
ject 
>er RR 
.10 
.20 
.24 
.16 
XUSTER 7 N 
iect 
>er RR 
' .54 
) .61 
GSR 
.01 
.02 
.04 
.20 
.20 
.10 
.18 
.04 
.09 
.02 
.04 
.15 
.02 
.04 
.10 
- 4 
GSR 
.35 
.45 
.41 
.51 
= 2 
GSR 
.63 
.58 
Subj ect 
Number 
14 
20 
23 
28 
29 
33 
35 
36 
39 
40 
43 
48 
RR 
.46 
.28 
.34 
.19 
.23 
.26 
.33 
.26 
.30 
.33 
.19 
.41 
GSR 
.14 
.23 
.19 
.29 
.25 
.10 
.17 
.23 
.01 
.15 
.24 
.16 
CLUSTER 5 N - 2 
Subj ect 
Number 
6 
22 
RR GSR 
.62 .05 
.64 .02 
CLUSTER 8 N = 2 
Subj ect 
Number 
7 
21 
RR GSR 
.67 .38 
.62 .41 
Subj ect 
Number 
2 
17 
19 
34 
45 
46 
RR 
.45 
.35 
.41 
.33 
.35 
.35 
GSR 
.37 
.32 
.31 
.44 
.49 
.35 
CLUSTER 6 N 
Subj ect 
Number 
9 
38 
RR 
.77 
.84 
= 2 
GSR 
.65 
.72 
RESIDUAL N = 1 
Subj ect 
Number 
13 
RR GSR 
.06 .62 
Subjects number 25, 26, 42, 44 were excluded from the analysis because they did 
not meet performance criterion on any of the blocks. 
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Clusters 
1 
2 
3 
4 
5 
6 
7 
8 
TABLE 10 
Increase Trial 
Cluster Means for RR 
GSR for the clusters 
in Table 9* 
Number of 
Cases 
15 
12 
6 
4 
2 
2 
2 
2 
and 
shown 
Amalgamation 
Distance 
.140 
.165 
.137 
.146 
.036 
.099 
.086 
.058 
• 
RR 
Mean 
.11 
.30 
.37 
.18 
.63 
.81 
.58 
.65 
GSR 
Mean 
.08 
.18 
.38 
.43 
.04 
.69 
.61 
.40 
1. Differences between clusters can be described 
in terms of those variables whose means differ 
most between the clusters. 
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TABLE 11 
Cluster Analysis of HR Decrease 
Trials for RR and GSR Using the 
Average Linkage Method 
CLUSTER 1 N = 17 CLUSTER 2 N = 14 CLUSTER 3 N = 6 
Subj ect 
Number 
3 
6 
8 
10 
15 
18 
20 
21 
23 
28 
33 
40 
41 
42 
44 
48 
50 
CLUSTER 
Subj ect 
Number 
5 
25 
37 
45 
47 
CLUSTER 
Subj ect 
Number 
19 
49 
RR 
.36 
.27 
.21 
.22 
.38 
.38 
.29 
.33 
.24 
.24 
.39 
.19 
.32 
.15 
.32 
.32 
.12 
4 N 
RR 
.02 
.05 
.12 
.00 
.03 
7 N 
RR 
.48 
.32 
GSR 
.18 
.00 
— 
.10 
.01 
.09 
.07 
.13 
.14 
.14 
.13 
.11 
.12 
.10 
.07 
.01 
.09 
- 5 
GSR 
— 
.09 
. — 
.15 
.00 
= 2 
GSR 
.79 
.77 
Subject RR 
Number 
1 
4 
9 
11 
14 
16 
22 
24 
27 
29 
32 
34 
35 
38 
.30 
.30 
.18 
.06 
.04 
.08 
.22 
.04 
.07 
.24 
.10 
.19 
.07 
.10 
GSR 
.32 
.24 
.30 
.30 
.21 
.26 
.38 
.32 
.21 
.32 
.20 
.35 
.34 
.31 
Subject 
Number 
12 
17 
30 
36 
39 
43 
RR 
.47 
.56 
.45 
.45 
.47 
.43 
GSR 
.13 
.32 
.24 
.23 
.22 
.32 
CLUSTER 5 N - 3 
RESIDUAL 
Subject RR GSR 
Number 
CLUSTER 6 N - 2 
Subject RR 
Number 
2 .57 
7 .50 
13 .56 
GSR 
.01 
— 
.05 
Subject RR 
Number 
26 .13 
31 .22 
GSR 
.69 
.53 
46 .72 .48 
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TABLE 12 
Decrease Trial 
Cluster Means for RR and GSR 
for the clusters shown in 
Table 111 
Clusters Number of Amalgamation RR GSR 
Cases Distance Mean Mean 
1 
2 
3 
4 
5 
6 
7 
17 
14 
6 
5 
3 
2 
2 
.137 
.175 
.140 
.124 
.072 
.184 
.161 
.28 
.14 
.47 
.04 
.54 
.18 
.40 
.09 
.29 
r2* 
.05 
.02 
.61 
.78 
1. Differences between clusters can be described 
in terms of those variables whose means differ 
most between the clusters. 
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variables (RR, GSR, EB and EMG) were included in the analysis 81 
possible clusters would be expected to emerge from the analysis. The 
small sample size (N = 50) precluded any meaningful assessment of the 
above postulate. The small variable to subject ratio would attenuate 
the statistical power of the cluster analysis. Therefore, in order to 
maximize the statistical power of the cluster analysis the signs of the 
negative correlation coefficients were transformed to positive signs 
and EMG and EB were excluded from the analyses. Respiration rate 
and GSR were the variables included in the cluster analysis because 
they were more reliably scored than EMG and EB. Furthermore, TOR 
reflected somatic activity of the ANS and GSR an attentional component 
of ANS responding. Following this procedure the number of expected 
clusters would be four if two variables were used in the cluster 
analyses. Utilization of three variables in the analyses would result 
in the emergence of eight clusters and four variables would result 
in the emergence of 16 clusters. This relationship of number of 
variables to clusters can be expressed as f (k) « 2 , where k is the 
number of physiological variables. 
Examination of Tables 10 and 12 confirms the above prediction 
in that the two physiological variable cluster analyses CRR and GSR) 
produced all possible combinations of RR and GSR patterning during 
bidirectional HR control. The essential meaningful character of the 
emergent physiological patterns with respect to bidirectional HR 
control can be described as: (a) both RR and GSR involvement, 
(b) no RR and GSR involvement, (c) only RR involvement, and Cd) only 
GSR involvement. This finding is further supported upon examination 
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of the three (RR, GSR and EB) and four (RR, GSR, EB and EMG) variable 
cluster analyses (see Appendix G for a summary of these analyses). 
Again these analyses produced all possible physiological patterns of 
responding for both increase and decrease HR control trials. Figure 
6 represents the number of observed clusters and expected clusters for 
HR increase and decrease trials as a function of the number of 
variables upon which individual subjects were clustered. Inspection 
of Figure 6 revealed that as the number of variables input into the 
cluster analysis increases, the number of emergent clusters decrease 
relative to the expected number of clusters. Figure 7 presents- a plot 
of the residual cases which emerged from the two, three and four 
variables cluster analyses. It is evident from Figure 7 that as the 
number of variables increase the number of residual cases also 
increase. Cluster analysis of all four physiological variables for HR 
increase trials yielded three clusters and 39 residual cases, while the 
same analysis on HR decrease trials yielded 45 residual cases; this 
demonstrates the inadequacy of the sample (N = 50) size to adequately 
test for existing physiological patterns with three and four variables 
input into the cluster analysis. Furthermore, this finding supports 
the rationale for transforming the correlation coefficient's negative 
sign and the interpretation of the two variables (RR and GSR) cluster 
analys is. 
In summary, the major finding from the analyses of individual 
differences in physiological patterning was that considerable differences 
in physiological patterning exists between subjects. These idiosyncratic 
response patterns indicate that different physiological parameters are 
FIGURE 6. Clusters formed as a function of the number of 
variables input into the cluster analyses. 
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154 
101 
5 
Variable Frequency 
--- Expected number of clusters ( F(k)ss2 , where k=variables ) 
Observed clusters- Decrease 
Observed clusters- Increase 
FIGURE 7. Residual cluster cases. 
67 
12 
ioH 
Residual 
Cases 
8-\ 
6H 
4H 
2H 
Variables 
Decrease 
Increase 
associated with changes in operant heart rate for different subjects. 
Furthermore, the cluster analysis of the intraindividual correlation 
coefficients indicated that there is no single physiological pattern 
that mediates bidirectional operant HR change. 
Across Trial Changes in Physiological Patterning 
Patterns of changes in physiological responding were computed for 
all subjects over the two operant conditioning sessions. Correlation 
coefficients were computed, for each increase and decrease conditioning 
trial, between HR performance and each physiological variable (RR, 
EB, GSR and EMG) trial mean. These patterning profiles are illustrated 
in Figure 8. As Figure 8 indicates, subjects as a group evidenced 
no physiological patterning across HR increase trials, whereas subjects 
displayed a change in their physiological response profile from trial 
one to trial four for HR decrease trials. HR decrease trial four 
produced a significant (p < .05) differentiation between EMG-RR 
(somatic ANS variables) and EB-GSR (attentional ANS variables) variables. 
This discrepancy between physiological patterning during increase and 
decrease HR control trials has to be interpreted in light of the findings 
from the HR control performance analyses. Specifically, the observed 
magnitude of operant HR change varied for increase and decrease trials 
and subjects evidenced no learning over trials for HR increases, 
however, HR decrease trials produced improvement in performance across 
trials. It may very well be that the noted acquisition of physiological 
response patterning during deceleration training is reflective of the 
differences in the difficulties in producing HR increases and decreases. 
Since subjects can produce large magnitude HR increases within the 
FIGURE 8. Physiological pattern changes with HR performance 
across trials. 
Increase Decrease 
-4H 
Trials 
o-oRR • - • E B 
°~<>EMG •-•GSR 
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first trial of the first session and then maintain this initial increase 
across the next series of HR control trials it is not necessary for 
them to differentiate the physiological variables that are associated 
with the production of large magnitude HR increases. The inverse is 
true for HR decrease trials; subjects are not initially successful 
at decreasing, hence, they differentiate between the physiological 
variables in terms of identifying a physiological response pattern that 
accentuates the production of HR decreases. 
In addition to the overall physiological response profiles 
illustrated in Figure 8 similar correlations were computed for:. 
(a) successful increasers, (b) unsuccessful increasers, (c) successful 
decreasers, and (d) unsuccessful decreasers. Successful increasers 
and decreasers were defined as subjects who exceeded the mean HR 
performance for all subjects on increase and decrease trials, respectively 
(e.g, mean split). Similarily, unsuccessful increasers and decreasers 
were defined as subjects who fell below the mean HR performance for 
all subjects on increase and decrease trials, respectively (see 
Tables 7 and 8 ). 
Profiles of the physiological response patterns for successful-non-
successful increasers and successful-non-successful decreasers over 
all four conditioning trials are presented in Figure 9. Examination 
of the physiological response profiles presented in Figure 9 suggested 
that unsuccessful increasers and decreasers display a more unsystematic 
profile across trials when compared with successful increasers and 
decreasers. Successful increasers and decreasers are characterized by 
a non-random distribution of the correlation coefficients across trials. 
FIGURE 9. Profiles of the response patterns for good-bad HR 
increasers and good-bad HR decreasers over all HR 
control trials. 
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Increase 
.6- Good 
r<r-^Trial -° 
-.4-
-6-
o-oRR •—«EB 
°-°EMG •--•GSR -4 
Trial 
Decrease 
"tTfTriol -° •-Trial 
-.2 
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It then may be said that patterns of physiological responding 
differentiate "good" and "bad" performers within an operant HR 
conditioning paradigm. Further these physiological mediational patterns 
change across control trials as the ability to control HR is acquired. 
Self-Report of Success at Controlling HR 
Table 13 presents the correlations between HR performance and 
self-report of success at controlling HR for each HR control trial. 
Examination of this table indicates that the correlations between 
self-report of success at controlling HR and HR performance across 
increase trials were consistently high (rfs range from .61 to .67). 
While the correlations between decrease HR performance and self-
reports of success at controlling HR were generally low to moderate 
(rfs range from -.22 to -.38). Hence, increase HR performance was 
more reliably rated than was decrease performance across the 
experimental trials. The means and standard deviations for the self-
report ratings across trials for HR increase and decrease attempts are 
presented in Table 15. 
Self-rating of success at controlling HR was further analysed 
in order to assess changes in self-rating across trials. Separate 
(increase, decrease) repeated measures analyses of variance were 
performed on the self-report variables. Results indicated no significant 
changes in self-report rating of success across trials for HR increase 
performance. However, the HR decrease analysis revealed a trend across 
trials toward increases in self-report of success at controlling 
HR F(3, 141) » 2.64, p < .052. This finding is consistent with the 
HR control performance analysis, in that, subjects evidenced learning 
TABLE 13 
Correlations Between HR Performance 
and Self-Report of Success at Con-
 1 
trolling HR For Each HR Control Trial 
Increase Trials 
Trial 1 Trial 2 Trial 3 Trial 4 
.61* .67* .62* .61* 
Decrease Trials 
Trial 1 Trial 2 Trial 3 Trial 4 
-.38* -.22 -.24 -.38* 
50 
< .05 (two tailed) 
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across trials only for HR decrease training. Subjects were improving 
their HR performance across HR decrease control trials and accordingly 
their self-report of success at controlling HR increases across decrease 
control trials. Tables 14 and 15 summarizes the repeated measures 
analysis of variance. 
Prediction of HR Performance: Canonical Correlation Analysis 
Canonical correlation analysis was the multivariate technique 
employed to assess the contributions of physiological, cognitive and 
dispositional variables in the production of HR increases and decreases. 
Canonical analysis can provide a clear picture of the inter-^variable 
patterns as they appear in an operant HR conditioning paradigm. The 
canonical approach lends itself toward uncovering the structure of the 
samples HR performance by identifying which combination of mediational 
variables is related to operant HR increases and decreases. Furthermore, 
canonical correlation does not require the preliminary separation of 
subjects into pre-defined groups. Hence, the mediational variables 
(physiological, cognitive and dispositional) are treated as dimensions 
(continuous variables) as opposed to categories (categorical variables). 
The predicted variables for the canonical analysis were mean HR increase 
performance and mean HR decrease performance. The predictor variables 
were the three dimensions (domains) of mediational variables: physiology, 
cognition and disposition. The derivation of each of the variables input 
into the canonical analysis are reviewed below. 
Predictor Variables 
Physiology. Physiological variables included the following 
measures: RR, GSR, EB and EMG. Separate increase and decrease correlation 
TABLE 14 
Summary Table for One-Factor 
Repeated Measures ANOVA on Self-
Reported Success at HR Control 
for Increase and Decrease Attempts. 
Increase Ratings 
Source 
Order 
Error 
Self-Rating 
Self-Rating x 
Error 
Order 
df 
1 
47 
3 
3 
141 
SS 
13.93 
567.83 
7.94 
5.25 
344.38 
MS 
13.93 
12.08 
2.65 
1.75 
2.44 
Decrease Ratings 
Source 
Order 
Error 
Self-Rating 
Self-Rating x 
Error 
Order 
df 
1 
47 
3 
3 
141 
SS 
1.47 
620.77 
19.60 
3.60 
349.06 
MS. 
1.47 
13.21 
6.53 
1.20 
2.48 
0 
2 
0 
76 
TABLE 15 
Means and Standard Deviations 
for Increase and Decrease 
Self-Reported Success at Controlling 
HR1 
Increase Self-Ratings 
Order 1 
Increase 
Increase 
Increase 
Increase 
Trial 
Trial 
Trial 
Trial 
(N • 
1 
2 
3 
4 
= 25) 
4.0 
4.2 
4.1 
4.6 
1 
(2. .26) 
(2.18) 
(2. 
(2. 
.61) 
.38) 
Order 2 
3.3 
4.0 
3.8 
3.6 
! (N -
(2.29) 
(2.16) 
(1.79) 
(1.79) 
24) 
Order 1 (N 
Increase Trial 1 
Increase Trial 2 
Increase Trial 3 
Increase Trial 4 
Decrease Self-Ratings 
- 25) 
4.4 (2.40) 
5.0 (2.35) 
5.0 (2.51) 
5.0 (2.45) 
Order 2 (N = 24) 
4.0 
5.3 
4.7 
4.7 
(1.81) 
(1.70) 
(2.28) 
(2.49) 
1. Order 1 = IDID 
Order 2 = DIDI 
Session 1, DIDI 
Session 1, IDID 
Session 2 
Session 2 
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coefficients were computed between HR and each of the above physiological 
measures for each subject. A HR performance criterion was employed 
in the calculation of these coefficients. Only 30 second blocks that 
exceeded the mean HR performance from all blocks for all subjects on 
increase and decrease control trials were input into the canonical 
analysis (mean increase performance - 2.12 beats per 30 second block; 
mean decrease performance « -.26 beats per 30 second block). Table 16 
presents the intraindividual correlation coefficients which were input 
into the canonical analysis. The average number of blocks per subject 
which was utilized in the computation of the intraindividual physiological 
coefficients was 89.2 for increase trials and 94.4 for decrease trials. 
The decision to employ the performance criteria in the calculation of 
the correlation coefficients was based on Obrist et al. Ts finding that 
physiological mediation of HR may only be detectable within higher ranges 
of operant HR change. 
Cognition. The cognitive variables consisted of measures taken 
from the post HR control session questionnaire. Subjects selected 
the various thoughts, feelings or images (e.g., future planning, anger, 
problem-solving) they used during attempts to decrease and increase 
their HR. Then, for each item, subjects rated how vivid the thought, 
feeling or image was during the time they used it. Subjects rated 
vividness on a scale from 1 ("very vague") to 5 ("very vivid"). The 
cognitive variables were computed from session two post-experimental 
questionnaires by taking the average vividness rating for each subject 
for increase and decrease HR control attempts. The mean and standard 
deviation for the cognitive variables were: 3.16, .70 for increase 
TABLE 16 
Correlation Matrix for the Canonical Correlation Variable 
Sets and Cardiac Control Performances-
Variables2 1 2 3 4 5 6 7 8 9 ' 10 11 12 13 14 15 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
Increase Respiration 
Increase EMG 
Increase Eye Blink 
Increase GSR 
Decrease Respiration 
Decrease EMG 
Decrease Eye Blink 
Decrease GSR 
Anxiety Factor score 
Locus of Control 
Introversion-Extroversion 
Increase Cognitions 
Decrease Cognitions 
Increase Performance 
Decrease Performance 
1.00 
.40 
.08 
-.25 
.20 
.21 
-.04 
-.23 
.08 
.03 
-.15 
.14 
.09 
.07 
.03 
.12 
.08 
-.04 
.24 
-.05 
-.14 
.11 
-.08 
-.09 
-.07 
.12 
-.11 
-.05 
-.01 
-.20 
.10 
.34 
.15 
-.02 
.13 
.12 
.24 
.22 
.04 
-.18 
-.07 
-.03 
-.07 
-.22 
-.05 
-.14 
-.11 
-.09 
-.10 
-.16 
.18 
.03 
-.09 
-.33 
-.08 
-.04 
-.09 
.04 
.16 
-.17 
.33 
-.07 
-.31 
.07 
-.11 
.08 
-.03 
.06 
-.07 
.15 
.57 
.27 
.31 
.01 
-.08 
.08 
-.08 
-.05 
1. These are product moment correlation coefficients (N * 45). 
2. Variables 1 to 8 are correlation coefficients with heart rate. 
o> 
.27 
.14 
.02 
.18 
.07 
.26 
.28 
.27 
-.21 
-.00 
-.10 
.00 
-.11 
.21 
.09 
.04 
-.08 
-.08 
-.06 
-.14 
-.20 
.59 
.44 
-.13 
.28 
-.25 -.29 1.00 
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ratings and 3.20, .70 for decrease ratings. The difference between 
the means of the two cognitive variables was not statistically 
significant. Each subject's cognitive scores for increase and 
decrease trials were input into the canonical analysis. 
Disposition. Table 17 summarizes the means and standard deviations 
of the preexperimental personality scales. The purpose of administering 
these scales was to determine what personality traits were related to 
bidirectional HR control. Previous research which has attempted to 
account for individual differences in operant HR control in terms of 
personality traits (Cox and McGuinness, 1977; Lang et al., 1975;. 
Stephens et al., 1975) have generally found correlations below 50 
between personality traits and HR control. Given that the above 
researchers pre-selected their subjects on the basis of extreme scores 
(high-low) on their personality inventories, it was expected that the 
correlations between personality traits and HR control in the present 
study would be attenuated because subjects were not pre-selected 
according to their scores on the personality scales. Hence, the 
personality measure analysis was carried out in terms of identifying 
a single personality trait or composite thereof that best related to 
the bidirectional control of HR. 
Table 18 presents the intercorrelations among the personality 
measures. Inspection of this table indicated that I-E did not have any 
relationship to the other personality measures. The anxiety, L-C and 
R-S measures were positively and significantly correlated. These 
results suggest that these scales are in many ways equivalent measures 
of anxiety despite major differences in theoretical rationale, method 
of construction, validation and item content. 
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TABLE 17 
Means and Standard Deviations 
for the Personality Inventories 
Inventories Mean Deviation 
Trait Anxiety 36.1 7.72 
State Anxiety-Session 1 35.0 7.11 
State Anxiety-Session 2 34.8 6.20 
Locus of Control 8.9 4.38 
Repression-Sensitization 14.1 3.47 
Introversion-Extroversion 11.4 3.13 
1. N = 50 
81 
The inter correlation matrix obtained from all personality scores for 
all subjects was factor analysed by the classical factor method, and tke 
resulting factors were rotated to orthogonal simple structure utilizing 
the varimax criterion. Since the interest of this analysis was focussed 
on the common variance between the various personality scales 
communality estimates were replaced in the main diagonal of the inter-
correlation matrix before factoring. Factor analysis of the total 
sample resulted in two factors which can be appropriately titled. A 
factor was defined by those personality scales loading higher than .50 
on the rotated matrix. The two factors derived were: an anxiety factor 
and a locus of control factor. The personality scales, their loadings 
and amount of common variance accounted for by each factor are presented 
in Table 19. I-E did not load on either factor, thus indicating that this 
personality trait is orthogonal to the other personality measures. 
Factor scores were computed for all subjects on the anxiety factor; 
this procedure provided a measure of anxiety that was orthogonal to 
L-C and I-E. 
Intercorrelations were computed between increase/decrease HR 
performance and L-C, I-E and the anxiety factor scores. Results 
indicated that I-E had the highest though not statistically significant 
correlation with HR performance (r = -.14 for decrease HR performance; 
jr = -.20 for increase HR performance). The correlations between HR 
performance and L-C were -.08 for decrease trials and -.08 for increase 
trials, while the correlations between HR performance and the anxiety 
factor scores were .00 for decrease trials and -.11 for increase trials. 
I-E was the personality variable input into the canonical analysis 
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TABLE 18 
Intercorrelations Among the Personality 
Inventories1 
Inventories 
1. Trait Anxiety 
2. State Anxiety-Session 1 
3. State Anxiety-Session 2 
4. Locus of Control 
5. Repression-Sensitization 
6. Introversion-Extroversion -.19 -.07 -.06 .21 -.16 1.00 
1.00 
.63 
.32 
.35 
.51 
1  
.48 
.12 
.34 
. 0 7 
.02 
.21 
. 0  
.09 
2  
1. N = 50 
TABLE 19 
Factor Analysis of the Personality 
Inventories 
Orthogonally Rotated Factors 
1. 
2. 
3. 
4. 
5. 
6. 
2 
Inventories 
Trait Anxiety 
State Anxiety-Session 1 
State Anxiety-Session 2 
Locus of Control 
Repression-Sensitization 
Introversion-Extroversion 
Percent Common Variance 
Eigenvalue 
1 
(0.88)* 
(0.74) 
0.47 
0.22 
(0.53) 
-0.19 
70.5 
1.94 
2 
0.17 
-0.04 
-0.09 
(0.86) 
-0.03 
0.27 
29.5 
0.81 
^Loadings greater than an absolute value of .50 shown in Parentheses. 
1. Varimax Rotation 
2. N - 50 
because it had the highest degree of association with increase and 
decrease HR performance. 
The following list summarizes the total set of predictor variables 
input into the canonical analysis: (a) the physiological domain consisted 
of subjects' correlations between HR performance for increase/decrease 
trials and RR, GSR, EB and EMG, (b) the cognitive domain consisted of 
subjects increase and decrease post-experimental cognitive scores, and 
(c) the dispositional domain consisted of subjects1 score on I-E. 
Predicted Variables 
Mean HR performance on increase HR control trials and mean HR 
performance on decrease HR control trials were the two variables that 
were input into the canonical analysis as predicted variables. These 
mean HR performance variables were calculated from 30 second blocks 
which were utilized in the computation of the physiological predictor 
correlation coefficients. The means and standard deviations for HR 
increase and decrease performance utilizing the above performance 
criteria were 4.06 beats per block (SD = 14.19) and -1.66 beats per 
block (SD = 6.44), respectively. Forty-six subjects exceeded the mean 
HR performance from all blocks for all subjects on at least 11 HR 
increase blocks and all subjects exceeded this performance criterion 
on at least eight HR decrease blocks. Table 7 and 8 contains mean 
HR performance and the number of blocks that exceeded the performance 
criterion for each subject on increase and decrease HR control trials. 
Canonical Correlation Analysis 
The basic idea of canonical correlation analysis is that it 
derives a best predictor function from among all possible linear 
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functions in a set of predictor variables Cphysiology, cognition, 
disposition) while simultaneously deriving a criterion function from 
among all possible linear functions in a set of criterion variables 
(HR increase and decrease performance) which the other set predicts 
most accurately (cf. Wood and Erskine, 1976). The correlation between 
these two sets of variables is the canonical correlation coefficient, 
Re; the interpretation of Re is analogous to a standard correlation 
2 
coefficient. The square of the canonical correlation, Re (eigenvalue), 
is an estimate of the common variance accounted for by the two linear 
functions (one linear function is produced for each predictor and pre-
dicted variable sets). The first pair of linear functions produced from 
canonical analysis is referred to as the first variate pair and are selected 
so as to have the highest inter correlation possible. A second set of 
canonical variatesis then selected to account for a maximum amount of the 
relationship between the two sets of variables left unaccounted for by 
the first canonical variates. This extraction procedure continues 
until either one hundred percent of the variance is accounted for or 
until the number of variate pairs is equal to the number of variables 
contained in the smallest variable set. The canonical variate loadings 
for each variable input into the analysis come in two sets, one each 
for the subset of variables input into the analysis. These variates 
are composed of coefficients that reflect the importance of the original 
variables in the subset in forming the canonical variates. The 
interpretation of the variate function component is analogous to the 
interpretation of the factor loadings generated by factor analysis. 
The higher the variable loading, the greater the importance that 
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variable has in interpreting the components of the variate pair. Hence, 
the two most important types of information produced by canonical 
correlation analyses are the canonical variates and the canonical 
correlations between them. 
The ratio of the number of variables to the sample size affects 
the statistical power of the canonical analysis. Large subject-to-
variable ratios produce more stable results. Hence, in order 
to maximize the subject-to-variable ratio the physiological coefficients 
for EB and EMG for increase and decrease HR control trials were excluded 
from the analysis. This increased the subject-to-variable ratio to 46:9. 
Table 16 presents the correlations among the variables utilized 
in the canonical analysis. All variables input into the canonical 
analysis were standardized to ensure homogeneity of variance and for 
easier interpretation of the variate loadings. Variable loadings that 
exceeded .40 were considered important in the interpretation of the 
variate functions. 
The canonical correlation analysis yielded two significant canonical 
2 
correlations: the first was .66, chi (14) = 35.21, p< .001, and the 
2 
second was .54, chi (6) • 13.18, p < .004. The probabilities were 
considered sufficiently small to overcome the possible difficulties of 
a positive bias of the chi square approximation needed to test the 
significance of the canonical correlations (Harris, 1975). The 
canonical correlations between the constituent measures of each 
domain and the linear combinations (canonical variates) of these 
measures are presented in Table 20. 
The first canonical variate pair consisted of a HR increase 
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performance variate defining the predicted measures with. high, variate 
loadings in the predictor variable set for increase and decrease GSR 
coefficients, increase cognitive variable and I-E. The second canonical 
variate pair consisted of the decrease HR performance variate defining 
the predicted measures with high variate loadings in the predictor 
variable set for decrease RR coefficient and the cognitive variable. 
Thus, the increase performance function was characterized by person-
ality, increase and decrease GSR coefficients and the increase 
cognitive variable, while the decrease performance function was 
characterized by decrease RR coefficients and the decrease cognitive 
variable. As predicted the two canonical functions differentiate 
increase and decrease HR performance based on the physiological, 
cognitive and personality mediational variables. 
The preceding analysis was repeated with the inclusion of the 
EB and EMG coefficients. Results of this analysis yielded the same 
patterning of variables as the previous analysis although the 
statistical power of the test was considerably reduced by the inflated 
subject-to-variable ratio, 45:13. The first variate pair was 
2 
significant (Re » .71, chi (22) - 41.26, p< .008) and approximated 
the increase performance variate pair in the previous canonical 
analysis. The second variate pair was not significant (Re - .58, 
2 
chi (10) - 14.88, p< .14) though the pattern was similar to the 
decrease HR performance in the previous canonical analysis (see 
Appendix H for a summary of this analysis). 
In order to validate the results of the canonical correlation 
analysis the set of predictor variables were factor analysed to ensure 
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TABLE 20 
Canonical Correlation Analysis on Physiological 
(RR, GSR), Personality (I-E) and Cognitive 
Variables Predicting Bidirectional^ HR Control 
Canonical Correlation 
Eigenvalue 
Chi-Square 
df 
Significance 
R 
1 
- .66 
c^  
.43 
35.21 
14.00 
0.001 
R 
—c 
2 
= .54 
.29 
13.18 
6.00 
0.04 
Set 1 (Predictor Variables) 
Variable 
Increase Respiration 
Increase GSR 
Decrease Respiration 
Decrease GSR 
Increase Cognitions 
Decrease Cognitions 
Introversion-Extroversion 
Variate 1 
-.22 
-.41 
-.36 
-.75 
.60 
-.10 
-.51 
Variate 2 
-.08 
.23 
.65 
-.26 
.05 
-.63 
-.31 
Set 2 (Predicted Variables) 
Variable Variate 1 
Increase HR Performance 1.04 
Decrease HR Performance .39 
Variate 2 
-.09 
.97 
1. N - 46 
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that orthogonal subsets of the predictor variables could be defined. 
The intercorrelation matrix obtained from the physiological, cognitive 
and dispositional variables were factor analysed by the classical factor 
method, and the resulting factors were rotated to orthogonal simple 
structure utilizing the varimax criterion. Communality estimates 
were replaced in the main diagonal of the intercorrelation matrix 
before factoring. A factor was defined by those variables loading 
higher than .50 on the rotated matrix. Pive factors emerged from 
the analysis: (1) a decrease attentional~physiology factor, 
(2) a cognitive factor, (3) an increase respiratory-muscular factor, 
(4) a personality factor, and (5) an undifferentiated residnal factor. 
The predictor variables, their loadings and amount of common variance 
accounted for by each factor are presented in Table 21. Examination 
of the factor loadings in Table 21 reveals that the factors are distinct 
and that the relative proportions of common variance accounted for 
by each factor is quite uniform, that is, one or two factors do not 
account for a disproportionately large percentage of the common variance. 
In an attempt to further elucidate the relationship between HR 
performance and the predictor variables the above factor analysis was 
repeated with the inclusion of the HR increase and decrease performance 
variables. Table 22 summarizes this factor analysis. The first four 
factors were the same as the first four factors of the previous factor 
analysis with increase HR performance loading on the cognitive factor. 
The fifth factor consisted of the decrease respiratory variable and 
decrease HR performance. The fifth factor is consistent with the 
relationships among the predictor variables variate loading as derived 
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TABLE 21 
Factor Analysis of the Canonical Correlation Predictor 
Variable Set 
Orthogonally Rotated Factors 
Variables2 1 2 3 4 5 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
Increase Respiration 
Increase EMG 
Increase Eye Blink 
Increase GSR 
Decrease Respiration 
Decrease EMG 
Decrease Eye Blink 
Decrease GSR 
Anxiety Factorscore 
Locus of Control 
Introversion-Extroversion 
Increase Cognitions 
Decrease Cognitions 
Percent Common Variance 
Eigenvalue 
-0.09 
0.03 
0.39 
-0.12 
-0.32 
-0.08 
(0.73)* 
(0.76) 
0.36 
0.33 
-0.00 
-0.10 
-0.00 
30.2 
1.76 
0.09 
0.01 
0.35 
-0.07 
0.08 
0.01 
0.07 
-0.12 
-0.08 
0.02 
0.00 
(0.75) 
(0.77) 
25.3 
1.47 
(0.62) 
(0.66) 
0.24 
0.02 
-0.00 
0.39 
-0.05 
-0.28 
0.07 
-0.05 
-0.02 
-0.03 
0.06 
19.6 
1.14 
-0.17 
-0.11 
0.18 
-0.07 
-0.13 
0.07 
-0.01 
-0.04 
-0.21 
0.17 
(0.92) 
0.06 
-0.07 
14.8 
0.86 
(0.52) 
-0.08 
-0.14 
-0.46 
0.27 
-0.01 
0.09 
0.02 
. 0.17 
0.27 
0.08 
0.12 
0.06 
10.1 
0.59 
*Loadings greater than an absolute value of .50 shown in Parentheses. 
1. Varimax Rotation 
2. Variables were transformed to standard score units (z scores) 
prior to Factor Analysis (N - 45). 
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TABLE 22 
Factor Analysis of the Canonical Correlation Predictor 
Variable Set and Cardiac Control Performance 
Orthogonally Rotated Factors 
Variables2 1 2 3 4 5 6 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
Increase Respiration 
Increase EMG 
Increase Eye Blink 
Increase GSR 
Decrease Respiration 
Decrease EMG 
Decrease Eye Blink 
Decrease GSR 
Anxiety Factorscore 
Locus of Control 
Introvers ion-Extrovers ion 
Increase Cognitions 
Decrease Cognitions 
Increase Performance 
Decrease Performance 
Percent Common Variance 
Eigenvalue 
-0.03 
0.01 
0.35 
-0.14 
-0.10 
-0.06 
(0.79)* 
(0.71) 
0.32 
0.36 
0.03 
-0.07 
0.08 
-0.27 
-0.12 
26.0 
1.94 
0.12 
-0.01 
0.32 
-0.08 
0.09 
-0.00 
0.05 
-0.20 
-0.06 
0.02 
-0.01 
(0.78) 
(0.72) 
(0.50) 
-0.23 
23.8 
1.78 
(0.60) 
(0.71) 
0.20 
0.02 
0.04 
0.39 
-0.06 
-0.27 
0.08 
-0.03 
-0.02 
-0.03 
0.09 
-0.12 
0.04 
16.7 
1.24 
-0.14 
-0.09 
0.14 
-0.06 
-0.02 
0.08 
-0.03 
-0.08 
-0.23 
0.16 
(0.99) 
0.06 
-0.02 
-0.17 
-0.09 
14.1 
1.05 
0.15 
-0.11 
-0.18 
0.03 
(0.73) 
0.08 
-0.01 
-0.31 
-0.09 
0.01 
0.12 
-0.02 
0.04 
-0.30 
(0.55) 
10.9 
0.81 
0.41 
-0.07 
-0.15 
(-0.61) 
0.13) 
-0.03 
-0.03 
0.08 
0.15 
0.17 
0.08 
0.09 
0.01 
0.23 
-0.21 
8.6 
0.64 
^Loadings greater than an absolute value of .50 shown in Parentheses. 
1. Varimax Rotation. 
2. Variables were transformed to standard score units (z scores) 
prior to Factor Analysis (N * 45). 
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from the canonical correlation analysis for the second variate pair. 
The factor loading patterns of HR performance variables are comparable to 
the relationships between HR performance and the predictor variables 
generated by the canonical correlation analysis. 
In summary, two orthogonal linear functions of predictor variables 
were found to be significantly related to HR increase and decrease 
performance. Further, the variables which defined these functions were 
independent in that no single variable was significantly related to 
both increase and decrease performance. HR increase performance 
mediators were described by a linear combination of attentional-physio-
logy* cognitive and personality variables, whereas HR decrease per-
formance mediators were described by a linear combination of somatic-
respiratory physiology, cognitive and personality variables. 
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DISCUSSION 
The study directed itself to the issue of individual differences 
in the mediation of human heart rate control. The hypothesis was 
that individual differences in physiological, cognitive and 
dispositional responding during human operant heart rate conditioning 
account for some of the equivocal data reported in the literature 
on what mediators are responsible for changes in heart rate. In 
addition, the study looked at the effect of multiple sessions and 
extended trials as factors related to the ability of a person to 
increase and decrease his heart rate. 
The relevance of this study within the present state of 
knowledge on mediation of operant heart rate conditioning derives 
from an examination of the operant heart rate conditioning literature. 
Much of this research has produced equivocal results, and a clear 
picture of mediation has not as yet emerged. It appears that 
individuals differ fundamentally in autonomic, cognitive and 
dispositional operant heart rate control. Such idiosyncratic responses 
are likely to be caused by underlying differences between individuals 
in autonomic, cognitive and dispositional organization. 
The major findings of this study may thus be summarized, as 
follows: (a) differential acquisition rates in the ability to exert 
control on increase and decrease of heart rate were found within a 
multiple session, extended trials, operant conditioning paradigm; 
(b) analysis of,the intraindividual physiological response patterns 
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indicated that different physiological variables are associated 
with changes in bidirectional operant heart rate for different 
subjects. Cluster analysis of these correlation coefficients 
confirmed the individual idiosyncratic response patterns noted in 
the correlations by producing all possible combinations of physiological 
patterning for both increase and decrease heart rate control trials; 
G:I subjectsP as a group, evidenced no physiological patterning 
across heart Tate increase trials, whereas heart rate decrease trials 
produced a change in physiological response profiles across trials. 
Furthermore, physiological response patterns differentiated successful 
and unsuccessful heart rate performers; these physiological mediational 
patterns were shown to change across heart rate control trials, as 
the ability to control heart rate is aquired; and (d) canonical 
correlation analysis indicated that physiological, cognitive and 
dispositional variables significantly contributed to the variance 
in bidirectional heart rate control. Moreover, heart rate increase 
performance was described by a linear combination of attentional 
physiological, cognitive and personality variables, whereas heart rate 
decrease performance was described by a linear combination of somatic-
respiratory physiological, cognitive and personality variables. 
Subjects demonstrated substantial changes in heart rate when 
given instructions and provided with analogue beat-by-beat heart 
Tate feedback. The study reported heart rate change data in terms 
of averages across all subjects, as well as on individual subjects. 
Averaged heart rate changes and heart rate change of individual 
subjects are discussed in terms of the factors which contribute 
to the aquisition of heart rate control. A comparison of the present 
heart rate increase and decrease results (mean increase =8.2 bpm -
mean decrease - 3.4 bpm) with results from other studies indicates 
that they are comparable to those reported in the literature (mean 
increase * 5 to 10 bpm, and mean decrease = 3 to 5 bpm, Williamson 
and Blanchard, 1979). It should be noted that the aquisition of the 
maximal levels of heart rate increases were obtained within the first 
trial of the first session and that these changes were relatively 
constant over the entire experimental session. The aquisition of 
heart rate decreases, on the other hand, were attained after the first 
successful heart rate increase trial, and thereafter improved over 
the entire experimental training session. Extended heart rate control 
training seems to enhance the likelihood for a subject to produce 
heart rate decreases. This finding is consistent with Lang (1974), 
and Lang et.al. (1975), who found that the greatest magnitude of heart 
rate change for increase training is produced within the first 
training session, and that production of heart rate decreases improves 
training progresses. Thus, prolonged heart rate control training 
sessions are irrelevant to heart rate increase, but beneficial for 
m^xfmizing the learning of heart rate decreases. Analysis of the 
performance of individual subjects for increase and decrease of 
cardiac control showed that there is a great degree of variability 
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between subjects. The findings warrant the conclusion that heart 
rate increases and decreases can be produced by subjects, but that 
there is a great deal of variability between subjects; this precludes 
the assertion that any general principle may be underlying the 
development of this bidirectional control. 
The noted discrepancy between the magnitude of heart rate change 
observed for increase and decrease control attempts (4-8.2 bpm versus 
- 3.4 bpm) has led researchers in the field of operant heart rate 
conditioning (see Bell and Schwartz, 1975; Lang, 1974, 1975; Lang 
and Twentyman, 1974) to conclude that heart rate increases and decreases 
might be mediated by different psychophysiological mechanisms. 
Lang considers heart rate acceleration to be dependent upon central 
mechanisms which couple somatic and cardiovascular systems; this 
had also been suggested by Obrist et al. (1975). Heart rate deceleration, 
on the other hand, is regarded as relatively independent of somatic 
activity and is controlled by the learned modification of vagal tone. 
Lang's postulates are derived from the observed discrepancy between 
heart rate increase and decrease performance. Based on this discrepancy, 
three testable hypotheses were offered: (1) Heart rate increases 
are accompanied by activation of a complex response pattern involving 
-BotfL autonomic and somatic variables; (2) heart rate decreases are 
accompanied by highly specific associated cardiovascular changes, and 
(3) variables that affect heart rate increases should not also 
systematically affect heart rate decreases. Langfs theoretical 
explanation for the differential findings for heart rate increases 
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and decreases were supported by heart rate control performance results; 
however, it should be noted that Lang has not satisfactorily accounted 
fox the great variability between subjects in the production of 
bidirectional heart rate change. What is needed is a more comprehensive 
conceptualization of how cardiovascular control is learned from an 
individual difference perspective. This individual variability has been 
ignored, for the most part, by researchers who studied the mechanisms 
which underlie operant cardiovascular changes. 
In summary, the results of the heart rate performance data 
lead to the following conclusions: (a) subjects can produce substantial 
bidirectional heart rate changes; (b) there exists a high degree of 
variability in the abilities of individual subjects to produce 
bidirectional heart rate changes; (c) the discrepancies between the 
magnitudes and aquisition rates of heart rate changes for increase and 
decrease heart rate control trials implies that different psychophysiological 
mechanisms mediate bidirectional heart rate changes; and (d) individual 
subjects1 characteristics may account for much of this variability, 
hence, this variability needs to be taken into consideration when 
one hypothesizes about the mechanisms that mediate bidirectional 
heart rate control. 
A number of operant heart rate researchers have explicitly 
stated that the learning of heart rate control requires highly 
motivated subjects CColgan, 1977; Levenson, 1976; Stephens et.al., 1975; 
Wells, 1973). Typically, within an autonomic operant conditioning 
paradigm, Teinforcement is specified in terms of knowledge of results 
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(response-contingent reinforcement). Since knowledge of results 
may not be as motivating as tangible monetary incentives, the present 
study paid twenty-nine subjects for participation in both experimental 
sessions. The results of this analysis are in accord with previous 
research, on motivational factors that influence the learning of heart 
rate control, in that no effect was found for the enhancement of learned 
heart rate control for paid subjects (Blanchard, Young, Scott and 
Haynes, 1974; Lang and Twentyman,1974; Stephens et al., 1975). 
Results of the heart rate performance data reported a large 
amount of variability in the abilities of individual subjects to 
control their heart rate. These findings have prompted a number of 
researchers to look for the physiological, cognitive and dispositional 
factors which may account for these differences (e.£., Bell and Schwartz, 
1975; Belmaker, Proctor and Feather, 1972; Lang et al., 1975; Ray, 
-1974-; White et al., 1977). The basic research problem raised by this 
issue is that if operant heart rate conditioning is to be unequivocally 
demonstrated, one has to rule out the possibility that the observed 
changes in heart rate are mediated by other voluntary responses 
(£•&• * respiratory, somatic, cognitive). 
In order to determine the physiological mechanisms by which 
operant bidirectional heart rate is controlled, intraindividual 
correlations between heart rate and the other physiological variables 
were computed. Results indicated considerable differences between 
individuals in both magnitude and direction of correlations. This 
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reflects considerable differences in physiological patterning between 
subjects. A cluster analysis of these correlations confirmed the 
individual idiosyncratic response patterns noted in the intraindividual 
correlation coefficients by the emergence of all possible cluster 
combinations of the physiological variables for heart rate increase 
and decrease control trials. These idiosyncratic response patterns 
suggest that different physiological variables are associated with 
changes in operant heart rate for different subjects. That is, for some^ 
subjects, changes in heart rate may be associated with respiratory 
or muscle tension changes, while for other subjects heart rate changes 
a r e not associated with concomitant changes in any specific 
physiological parameter. It appears then that different physiological processes 
for different individuals are involved in the production of operant 
heart rate increases and decreases. No single physiological response 
pattern mediates both operant increases and decreases. It is likely that 
the relatively low intersubject correlations among heart rate performance 
and physiological variables are to be attributed to the large individual 
differences in autonomic patterning during operant bidirectional heart 
rate control. Thus, if subjects in this study were divided into groups 
on a pre-defined variable there would likely be a trend towards supporting 
any one of the hypothesized physiological mechanisms. Examination of 
different samples would lead to conflicting results, primarily due to 
the pervasive individual differences. Much of the inquiry into the 
possible mediators of operant heart rate change is limited by the 
inherent variability between subjects. This conclusion is supported 
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by the failure of experimental heart rate control studies to 
consistently identify the relevant physiological characteristics 
which mediate operant heart rate control Ce.£., Brener, 1974 a, b,; 
Levenson, 1979; Manuck, 1976; McCanne, 1977; Obrist et al., 1975; 
Wells, 1973). 
Physiological patterns of changes in responding were also 
computed for subjects as a group over the two conditioning sessions, 
as was illustrated in Figure 8. Subjects as a group evidenced no change 
in physiological patterning across heart rate increase trials; heart 
rate decrease control profiles, on the other hand, changed across 
the four heart rate decrease trials. In addition, patterns of physiological 
responding differentiated between successful and unsuccessful heart 
rate performers. Successful increasers and decreasers were characterized 
by the development of a differential distribution of the physiological 
correlates associated with the production of heart rate increases an(* 
decreases. However, unsuccsessful increasers and decreasers displayed 
an undifferentiated (random) profile across heart rate control trials. 
These findings support the notion that the aquisition of heart rate 
control is a "filtering11 and "selection" procedure (Brener, 1974 b). 
It seems that successful heart rate controllers initially activate a 
gross undifferentiated physiological Gestalt, and as training progresses, 
the surplus responses are filtered out, and specificity occurs. 
That is, subjects initially produce gross, undifferentiated physiological 
adjustment to the task of increasing and decreasing their heart rate, 
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but as learning to control heart rate is aquired, these initially 
undifferentiated patterns become highly specific. Again, these findings 
have to be interpreted within an individual differences framework, in 
that the specific physiological variables which are differentiated 
are highly variable between subjects. Future studies should ascertain 
whether the individual physiological patterns or responding are 
consistent over sessions. It also seems likely that operant heart 
rate conditioning produces "response stereotypy" similar to that 
noted during stressful experiences ( e^ .£., Lacey, 1950; Lacey, Bateman 
and Van Lehn, 1953; Lacey and Lacey, 1958).These researchers have demonstrated 
that subjects display highly idiosyncratic physiological patterns of 
response, but have also noted that the patterns are highly consistent 
over time and under a variety of stressors. The main point to be made from 
such an analysis is that if response stereotypy does exist within 
tEa production of a learned bidirectional cardiac control, it needs to be 
accounted for along with subject variability in a theory about mechanisms 
which underlie the production of large magnitude heart rate increases 
and decreases. 
The canonical correlation analysis indicated that the intervariable 
patterns between physiological, cognitive and personality significantly 
contribute to the variance in increase and decrease cardiac performance. 
iloreoyerj heart rate increase performance mediators were described by a 
linear combination of attentional (GSR) physiological, cognitive, and 
dispositional vaTiables, while heart rate decrease performance mediators 
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were described by a linear combination of somatic-respiratory 
physiological, cognitive and dispositional variables. Bidirectional 
heart rate control is therefore a complex interaction between physiology, 
cognition and disposition. No single unitary mode of response could 
account for differences between successful and unsuccessful heart rate 
controllers. 
Collectively, the results from this study question the legitimacy 
of the mediation issue which has surrounded research in operant 
heart rate conditioning. The basic assumption made by the mediation 
issue was that autonomic responses could be elicited by voluntary 
responses. However, it must be concluded that no single process 
mediates operant heart rate changes. Rather, different processes 
mediate operant heart rate for different subjects. What is needed is a 
more comprehensive conceptualization of how operant heart rate is 
learned. 
An alternative conceptualization of how heart rate control is learned 
assumes that somatic, autonomic, cognitive and dispositional phenomena 
are mediated on a higher neural level. This conceptualization further 
assumes that all peripheral responses are integrated and controlled on 
a higher level. No behavioural response, whether visceral, cognitive, 
or somatic, occurs without simultaneous occurrance of other behaviours 
which, are adjustments to the initial behavioural response (e.£« , 
homeostasis). Hence, one peripheral response causes another peripheral 
response; behaviours are not emitted in a vacuum. The implications 
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of this conceptualization is such that cardiac responses are 
regarded as the same type of behaviours as somatic responses. That is, heart 
rate responses are capable of being voluntarily learned in higher brain 
mechanisms. Implicit within this conceptualization is the notion that 
subjects initially activate an undifferentiated behavioural Gestalt 
(comprising of physiological, cognitive and dispositional variables), 
but as training progresses, the surplus behaviours are eliminated as 
specificity occurs (e .&., flfiltering11 and "selection" procedure) . 
Furthermore, this filtering and selecting procedure is highly selective 
among individuals in that the behaviours which are eliminated are 
-highly idiosyncratic and are associated with past learning experiences. 
This model of the acquisition of heart rate control takes into account 
the pervasive variability between subjects in the ability to control 
heart rate and the interactions between physiological, cognitive, 
and dispositional variables. 
On the whole, the complicated nature of the results reinforce 
the unadvisability of making very general statements about the 
relative efficacies of the various mediators of human operant heart 
rate conditioning examineu in this study. In addition, several 
limitations of this study must be considered in interpreting the 
results. Thesampleis drawn from a relatively young and healthy 
population, and as such does not reflect the responses of a clinical 
population. Also, it is possible that different physiological 
responses and different methods of response measurment may have 
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altered the results of this study. However, it remains apparent 
that large individual differences exist during operant heart rate conditioning. 
Hence, human operant heart rate conditioning research which does 
not have appropriate controls for individual differences in responding 
P3y be suhject to potentially serious confounding effects. By focusing 
upon individual differences, future research may be able to augment 
the heart rate changes which have been observed to date. 
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APPENDIX A 
Preexperimental Personality Assessment Questionnaires 
A. STAI-Trait Anxiety Scale 
B. STAI-State Anxiety Scale 
C. Locus of Control Questionnaire 
D. Introversion-Extroversion Inventory 
E. Repression-Sensitization Scale 
SELF-ANALYSIS QUESTIONNAIRE 
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DIRECTIONS: A number of statements which people have used to describe 
themselves are given below. Read each statement and then circle the 
appropriate number to the right of the statement to indicate how you 
generally feel. 
There are no right or wrong answers. Do not spend too much time on any 
one statement but give the answer which seems to describe how you 
generally feel. 
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1. I feel pleasant 1 2 3 4 
2. I tire quickly 1 2 3 4 
3. I feel like crying 1 2 3 4 
4. I wish I could be as happy as others seem to be . 1 2 3 4 
5. I am losing out on things because I can't make up 
my mind soon enough 1 2 3 4 
6. I feel rested 1 2 3 4 
7. I am "calm, cool and collected" 1 2 3 4 
8. I feel that difficulties are piling up so that 
I cannot overcome them 1 2 3 4 
9. I worry too much over something that really 
doesnf t matter 1 2 3 4 
10. I am happy 1 2 3 4 
11. I am inclined to take things hard 1 2 3 4 
12. I lack self-confidence 1 2 3 4 
13. I feel secure 1 2 3 4 
14. I try to avoid facing a crisis or difficulty .... 1 2 3 4 
Self-Analysis Questionnaire continued, 
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15. I f e e l b lue 1 2 
16. I am content • 1 2 
17. Some unimportant thought runs throngh my mind 
and bothers me 1 2 3 4 
18. I take disapf>ointments so keenly that I canft 
put them out of my mind 1 2 3 4 
19. I am a steady person 1 2 3 4 
20. I get in a state of tension or turmoil as I think 
over my recent concerns and interests 1 2 3 4 
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SELF-ANALYSIS QUESTIONNAIRE 
DIRECTIONS: A number of statements which people have used to describe 
themselves are given below. Read each statement and then circle the 
appropriate number to the right of the statement to indicate how you 
feel right now, that is, at this moment. 
There are no right or wrong answers. Do not spend too much time on any 
one statement but give the answer which seems to describe your present 
feelings best. 
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1. I feel calm 1 2 3 4 
2. I feel secure 1 2 3 4 
3. I am tense 1 2 3 4 
4. I am regretful 1 2 3 4 
5. I feel at ease 1 2 3 4 
6. I feel upset 1 2 3 4 
7. I am presently worrying over possible misfortunes .. 1 2 3 4 
8. I feel rested 1 2 3 4 
9. I feel .anxious 1 2 3 4 
10. I feel comfortable 1 2 3 4 
11. I feel self-confident 1 2 3 4 
12. I feel nervous 1 2 3 4 
13. I am jittery 1 2 3 4 
14. I feel "high strung11 1 2 3 4 
15. I am relaxed 1 2 3 4 
16. I feel content 1 2 3 4 
17. I am worried 1 2 3 4 
18. I feel over- excited and "rattled" 1 2 3 4 
19. I feel joyful 1 2 3 4 
20. I feel pleasant 1 2 3 4 
SOCIAL REACTION INVENTORY 
This is a questionnaire to find out the way in which certain 
important events in our society effect different people. Each item 
consists of a pair of alternatives lettered a or Jb. Please select 
the one statement of each pair (and only one) which you more strongly 
believe to be the case as far as youTre concerned. Be sure to 
select the one you actually believe to be more true rather than the 
one you think you should choose or the one you would like to be true. 
This is a measure of personal belief; obviously there are no right 
or wrong answers. 
The answers to the items on this inventory are to be recorded 
on a separate answer sheet which is stapled to the back of the 
question sheets. 
Please answer these items carefully but do not spend too much 
time on any one item. Be sure to find an answer for every choice. 
Find the number of the item on the answer sheet and check the space 
under the letter a or b which you choose as the statement most true. 
In some instances you may discover that you believe both 
statements or neither one. In such cases, be sure to select the 
one you more strongly believe to be the case as far as youfre 
concerned. Also try to respond to each item independently when 
making your choice; do not be influenced by your previous choices. 
REMEMBER 
Select that alternative which you personally believe to be 
more true. 
I more strongly belieye that: 
13. a. When I make plans, I am almost certain that I can make them work. 
b. It is not always wise to plan too far ahead because many things turn 
out to be a matter of good or bad fortune anyhow. 
14. a. There are certain people who are just no good. 
b. There is some good in everybody. 
15. a. In any case getting what I want has little or nothing to do with luck. 
b. Many times we might just as well decide what to do by flipping a coin. 
16. a. Who gets to be the boss often depends on who was lucky enough to be in 
the right place first. 
b. Getting people to do the right thing depends upon ability, luck has 
little or nothing to do with it. 
17. a. As far as world affairs are concerned, most of us are the victims of 
forces we can neither understand, nor control. 
b. By taking an active part in political and social affairs the people 
can control world events. 
18. a. Most people canft realize the extent to which their lives are 
controlled by accidental happenings. 
b. There really is no such thing as "luck". 
19. a. One should always be willing to admit his mistakes. 
b. It is usually best to cover up one's mistakes. 
20. a. It is hard to know whether or not a person really likes you. 
b. How many friends you have depends upon how nice a person you are. 
21. a. In the long run the bad things that happen to us are balanced by 
the good ones. 
b. Most misfortunes are the result of lack of ability, ignorance, 
laziness, or all three. 
22. a. With enough effort we can wipe out political corruption. 
b. It is difficult for people to have much control over the things 
politicians do in office. 
23. a. Sometimes I canft understand how teachers arrive at the grades they give. 
b. There is a direct connection between how hard I study and the grades I get 
24. a. A good leader expects people to decide for themselves what they should do. 
b. A good leader makes it clear to everyone what their jobs are. 
25. a. Many times I feel that I have little influence over the things that 
happen to me. 
b. It is impossible for me to believe that chance or luck plays an 
important role in my life. 
I more.strongly belieye that: 
1. a. Children get into trouble because their parents punish them too much. 
b* The trouble with most children nowadays is that their parents are too 
easy with them. 
2. a. Many of the unhappy things in peoples lives are partly due to bad luck. 
b. People's misfortunes result from the mistakes they make. 
3. a. One of the major reasons why we have wars is because people don't take 
enough interest in politics. 
b. There will always be wars, no matter how hard people try to prevent them. 
4. a. In the long run people get the respect they deserve in this world. 
b. Unfortunately, an individual's worth often passes unrecognized no 
matter how hard he tries. 
5. a. The idea that teachers are unfair to students is nonsense. 
b. Most students don't realize the extent to which their grades are 
influenced by accidental happenings. 
6. a. Without the right breaks one cannot be an effective leader. 
b. Capable people who fail to become leaders have not taken advantage 
of their opportunities. 
7. a. No matter how hard you try some people just don't like you. 
b. People who can't get others to like them, don't understand how to 
get along with others. 
8. a. Heredity plays the major role in determining one's personality. 
b. It is one's experiences in life which determine what they're like. 
9. a. I have often found that what is going to happen will happen. 
b. Trusting to fate has never turned out as well for me as making a 
decision to take a definite course of action. 
10. a. In the case of the well prepared student there is rarely if ever such 
a thing as an unfair test. 
b. Many times exam questions tend to be so unrelated to course work, 
that studying is really useless. 
11. a. Becoming a success is a matter of hard work, luck has little or 
nothing to do with it. 
b. Getting a good job depends mainly on being in the right place at the 
right time. 
12. a. The average citizen can have an influence in government decisions. 
b. This world is run by the few people in power, and there is not much 
the little guy can do about it. 
I more strongly belieye that: 
26. a. People are lonely because they don't try to be friendly. 
b. There's not much use in trying too hard to please people, if they like 
yon, they like you. 
27. a. There is too much emphasis on athletics in high school. 
b. Team sports are an excellent way to build character. 
28. a. What happens to me is my own doing. 
b. Sometimes I feel that I don*t have enough control over the direction 
my life is taking. 
29. a. Most of the time I can't understand why politicians behave the way 
they do. 
b. In the long run the people are responsible for bad government on a 
national as well as a local level. 
PERSONALITY INVENTORY 
Here are some questions regarding the way you behave, feel 
and act. After each question is a space for answering "yes" or 
no 
Try and decide whether "yes" or "no" represents your usual 
way of acting or feeling. Then place a check mark in the space 
under the column headed "yes" or "no". 
Work quickly, and don't spend too much time over any 
question; we want your first reaction, not a long drawn-out 
thought process. 
Be sure not to omit any questions. There are no right 
or wrong answers, and this isn't a test of intelligence or ability, 
but simply a measure of the way you behave. 
YES 
1. Do you often long for excitement? 
2. Are you usually carefree? • 
3. Do you stop and think things over before doing anything?. 
4. Do you generally do and say things quickly without 
stopping to think? 
5. Would you do almost anything for a dare? 
6. Do you often do things on the spur of the moment? 
7. Generally do you prefer reading to meeting people? 
8. Do you like going out a .lot? 
9. Do you prefer to have few but special friends? 
10. When people shout at you do you shout back?..... 
11. Can you usually let yourself go and enjoy yourself a lot 
at a good party? 
12. Do other people think of you as being very lively? 
13. Are you mostly quiet when you are with other people? 
14. If there is something you want to know about, would you 
rather look it up in a book than talk to someone about it? 
15. Do you like the kind of work that you need to pay close 
attention to? 
16. Do you hate being with a crowd who play jokes on one 
another? 
17. Do you like doing things in which you have to act quickly? 
18. Are you slow and unhurried in the way you move? 
19. Do you like talking to people so much that you would never 
miss a chance of talking to a stranger? 
20. Would you be very unhappy if you could not see lots of 
people most of the time? 
21. Would you say you were fairly self-confident? 
22. Do you find it hard to really enjoy yourself at a lively 
party? 
23. Can you easily get some life into a rather dull party?... 
24 Do you like playing pranks on others? 
INSTRUCTIONS; The following are some statements on feeling, 
attitudes, and behayior. Read each, statement and decide if 
it is true or false in reference to yourself. Check "1" if 
the statement is true, and "2" if it is false. 
Be honest, but do not spend too much time over any one 
statement. As a rule, first impressions are as accurate as 
any. 
Any questions? 
Name 
Age Sex 
Date 
Examiner 
Experiment 
RT-S Scale 
1. People often disappoint me. 
2. If I could get into a movie without paying and be sure I was 
not seen I would probably do it. 
3. I tend to keep on at a thing until others lose their patience 
with me. 
4. I do not always tell the truth. 
5. I frequently find myself worrying about something. 
6. I have often met people who were supposed to be experts who 
were no better than I. 
7. I sweat very easily even on cool days. 
8. I like to know some important people because it makes me feel 
important. 
9. I think of ways to get even with certain people. 
10. I often thin, "I wish I were a child again." 
11. Most people who know me would say I am a cheerful person. 
12. I do not like everyone I know. 
13. I find discussions about sex slightly annoying. 
14. I gossip a little at times. 
15. Sometimes at elections I vote for men whom I know very little. 
16. I usually have to stop and think before I act even in trifling 
matters. 
17. Once in a while I laugh at a dirty joke. 
18. Sometimes when I an not feeling well I am cross. 
19. I have never felt better in my life than I do now. 
20. I am more of a "happy-go-lucky" person than a deep thinker. 
21. I" do not read every editorial in the newspaper every day. 
22. I try to plan in advance what to do if certain threatening 
situations were to arise. 
23. Once in a while I put off until tomorrow what I ought to do today. 
24. I work under a great deal of tension. 
25. My table manners are not quite as good at home as when I am out 
in company. 
26. When things go wrong, I cannot rest until I've corrected the 
situation. 
27. I would rather win than lose in a game. 
28. I worry over money and business. 
29. I like to let people know where I stand on things. 
30. I think a great many people exaggerate their misfortune in order 
to gain the sympathy and help of others. 
31. When I leave home I tend to worry about such things as whether 
the door is locked and the windows closed. 
32. It takes a lot of argument to convince most people of the truth. 
33. I am not easily awakened by noise. 
34. Most people will use somewhat unfair means to gain profit or an 
advantage rather than to lose it. 
35. I have very few quarrels with members of my family. 
36. Often I can't understand why I have been so cross and grouchy. 
37. I rarely wonder what hidden reason another person may have for 
doing something nice for me. 
38. Criticism or scolding hurts me terribly. 
39. I am not often troubled with disturbing thoughts. 
40. I certainly feel useless at times. 
41. I have daydreams that I make a fool of someone who knows more 
than I do. 
42. At times my thoughts have raced ahead faster than I could 
speak them. 
43. I never get angry. 
44. It makes me impatient to have people ask my advice or otherwise 
interrupt me when I am working on something important. 
45. I have sometimes felt that difficulties were piling up so high 
that I could not overcome them. 
46. Everything is turning out just like the prophets of the Bible 
said it would. 
47. At times I feel like swearing. 
48. People have too much sex on their minds. 
49. What others think of me does not bother me. 
50. I sometimes tease animals. 
51. I am against giving money to beggars. 
52. Most nights I go to sleep without thoughts or ideas bothering me. 
53. It makes me uncomfortable to put on a stunt at a party even when 
others are doing the same sort of things. 
54. I tend to get along well with people and am liked by almost 
everybody. 
55. At times I am all full of energy 
56. Bad words, often terrible words, come into my mind and I cannot 
get rid of them. 
57. I find it hard to make talk when I meet new people. 
58. I haye_a_habit of counting things that are not important such as 
bulbs on electric signs, and so forth. 
59. I get mad easily and then get over it soon. 
60. I find it hard to set aside a task that I have undertaken, even 
for a short time. 
61. Sex education should not be part of the high school curriculum. 
62. When in a group of people I have trouble thinking of the right 
things to talk about. 
63. I never get so mad as to feel like beating or smashing things. 
64. I think nearly anyone would tell a lie to keep out of trouble. 
65. I almost never think of things too bad to talk about. 
66. I have periods in which I feel unusually cheerful without any 
special reason. 
APPENDIX B 
Experimental Consent Porm 
Psychology Experiment 
Consent Form 
I hereby volunteer to participate as a paid subject in an experiment 
being conducted under the supervision of Drf W, D, Fenz, Department 
of Psychology, University of Waterloo. I understand the study will 
extend two weeks and involve the following procedure; 
(a) During session one Cfirst week) I will attempt to voluntarily 
increase and decrease my heart rate assisted by a visual display 
of momentary changes in heart rate. The session will consist of 
four, eight-minute trials, during which I will attempt to "control" 
my heart rate. Between each trial there will be a three minute 
"baseline" period during which a physiological resting level will 
be determined. 
(b) Session two (second week) will be a replication of session one, 
the purpose of which will be to determine the extent that per~ 
formance will improve with repeated training over time. 
(c) During both of these sessions recording electrodes will be attached 
to the surface of my body in order to measure heart rate and other 
bodily functions. 
(d) At appropriate times throughout these sessions I will be asked to 
make ratings and complete questionnaires pertaining to my perform-
ance and impressions during the experiment. 
(e) To assist the experimenters toward a better understanding of the 
basis for individual differences in ability to voluntarily speed 
and lower heart rate, I will be asked to complete standard indi~ 
vidual differences questionnaires. 
I understand that a more complete explanation of the purposes and results 
of the experiment will be given, if I request it, following the termina-
tion of the experiment as a whole. 
I understand that despite the remote possibility of temporary physical 
or mental discomfort during the experiment, there is no reason to believe 
that by participating in this experiment I put myself in any irreversible 
physical or mental danger. 
I understand that I may withdraw from the project at any time without 
prejudice. 
I understand that by failure to complete both sessions of the experiment 
I will not receive the stipend agreed upon for participation in the 
experiment. 
2 
I further understand that a code number will be assigned to my data 
to help preserve anonymity, that the data are being gathered for 
research purposes only, and that no one besides University research 
personnel will have free access to the data records. 
Dated at Waterloo, this day of 197 
Witness 
Name 
CprintI 
Signature 
• APPENDIX C 
General Health Questionnaire 
General Health. Questionnaire 
In this experiment we will be examining your ability to "control" 
an internal physiological process. Before beginning the experiment we 
would like some general appraisal of your present state of health. 
This is necessary because fal certain medical conditions can affect the 
results and we need to be able to tease apart the influence of these 
conditions; (bl some people have disabilities which may make it 
inadvisable for them to participate in this experiment. PLEASE ANSWER 
the following questions carefully and then sign the following statement, 
1. Do you currently have any illness or physical disability? Yes No 
2. Have you taken any sort of medication in the last 48 hours? Yes No 
3. Have you ever had a serious illness Ce,g., rheumatic fever] 
that may have had some permanent effect on your health? Yes No 
4. Have you ever had heart trouble or any serious circulatory 
disorder? Yes No 
5. Has any of your immediate family ever had heart trouble? Yes No 
6. Have your ever experienced severe chest pains? Yes No 
7. Have you ever suffered from asthma or any other respiratory 
disorder? Yes No 
8. Have you ever suffered from dizziness, fainting or 
seizures of any kind? Yes No 
9. Do you have any auditory or visual impairments which have 
not been corrected? Yes No 
10. Do you know of any physical or mental condition that you 
may have that would make it inadvisable for you to take 
part in this experiment? Yes No 
11. Do you have a cold today? Yes No 
12. Do you smoke? 
If YES: How long have you smoked? 
How many cigarettes do you smoke per day (approx.) 
13. Are you currently suffering from a lack of sleep? Yes No 
If YES: How long 
Why 
APPENDIX D 
Post-Experimental Questionnaire 
SUBJECT NAME; SESSION: 
POST HR CONTROL SESSION QUESTIONNAIRE 
. • • "• ' • • " • * ' " • ' «• '* " * ' * ' 
The items on this questionnaire pertain to your perception of how success-
ful you were at the heart rate CHRI control task, how you tried to speed 
and slow your HR, and how you felt during the task. There are no right or 
wrong answers. Please request assistance from the experimenter if you 
have any questions, 
1. Performance satisfaction. Please rate your satisfaction with your per<-
formance in today1s session. Circle the value which best reflects your 
satisfaction Cor dissatisfaction! with your HR control performance by 
the end of the session. 
(a) HR slowing: satisfaction with success achieved at decreasing HR 
relative to resting level (circle One): 
1 2 3 4 5 6 7 8 9 
Extremely dissatisfied; Extremely satisfied; 
performed poorly relative performed very well 
to expectations relative to expectations 
(b) HR speeding: satisfaction with success achieved at increasing HR 
relative to resting level: 
1 2 3 4 5 6 7 8 9 
Extremely dissatisfied; Extremely satisfied; 
performed poorly relative performed very well 
to expectations relative to expectations 
2. Please select the various thoughts, feelings or images you used during 
attempts to decrease/increase your heart rate. For each of these items 
place a check beside the item. Then, for each item, circle the number 
which best describes how vivid the thought, feeling or image was during 
the time you were using it; where 1 is "very vague" and 5 is "very 
vivid". 
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Contentment 
Surprise 
Tension 
Reviewing past 
Memory of problems 
Relaxation 
Sex 
Uncertainty 
Day-dreaming 
Increased Awareness 
of Thoughts 
Tenseness 
Love 
Pleasant feeling 
Alertness 
Worry 
Future planning 
Happiness 
Frustration 
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DECREASE TRIALS - Continued 
Memory of problems 
Relaxation 
Sex 
Uncertainty 
Day-dreaming 
Increased Awareness 
of Thoughts 
Tenseness 
Love 
Pleasant feelings 
Alertness 
Worry 
Future planning 
Happiness 
Frustration 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 . 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
3. Did you have difficulty keeping your breathing at a regular rate? 
Increase: Yes ( ) No ( ); Decrease: Yes ( ) No ( ); Rest: Yes ( ) No ( ) 
4. Did you find it difficult not to tense your muscles? 
Increase: Yes ( ) No ( ); Decrease: Yes ( ) No ( ); Rest; Yes ( ) No ( ) 
5. Did you find it difficult not to relax your muscles? 
Increase: Yes ( ) No ( ); Decrease; Yes ( ) No ( ); Rest: Yes C ) No ( ) 
Please use the following tension-^relaxation rating scale and assign a 
number from 1 to 9 to each condition of the experiment (Increase, 
Decrease, Rest). 
Completely calm & relaxed 
1 2 3 4 
Near beginning of session 
Rest 
Increase 
Decrease 
Extremely tense & anxious 
6 7 8 9 
Near end of session 
Rest ^ 
Increase 
Decrease 
4 
7, Which, of the following best describes your feelings about this 
experiment? 
exciting C ) boring C 1 fun ( 1 interesting ( ) 
wasteful C ) silly C 1 worthwhile C 1 easy C ) 
meaningless C 1 relaxing C 1 difficult ( 1 tensing ( 1 
other C ) 
8. Comments or questions: 
\ 
APPENDIX E 
Summary Table for Analysis of Covariance With Pretrial Baseline HR 
as Covariate and the Variable Payment - No Payment; Tables Al, A2 
TABLE Al 
Summary Table Tor Analysis of Covariance 
with P r e t r i a l Baseline HR as Covariate 
and the Variable Payment - No Payment 
Source 
Order 
Pay 
Order X Pay 
Covariate 
Error 
HR Performance 
HR Performance 
HR Performance 
Hr Performance 
X Pay 
Covariate 
Error 
Sessions 
X 
X 
X 
Sessions X Order 
Sessions X Pay 
Sessions X Order 
Covariate 
Error 
HR Performance 
HR Performance 
X Order 
HR Performance 
X Pay 
HR Performance 
X Order X Pay 
Covariate 
Error 
Trials 
Trials X Order 
Trials X Pay 
Trials X Order 
Covariate 
Error 
X 
X 
X 
X 
X 
Order 
Pay 
Order 
X Pay 
df 
1 
1 
1 
1 
44 
1 
1 
1 
1 
1 
44 
1 
1 
1 
1 
1 
44 
Sessions 1 
Sessions 
Session; 
1 
s 
1 
Sessions 
Pay 
1 
1 
44 
1 
1 
1 
1 
1 
44 
i>s 
511.73 
3112.87 
4493.61 
96.50 
55852.01 
54317.66 
2258.55 
781.10 
58252.52 
860.14 
34439.94 
1489.06 
1063.43 
66.58 
208.95 
193.00 
18308.19 
547.20 
512.72 
0.18 
210.40 
1543.42 
7330.49 
1057.87 
547.68 
4.28 
378.77 
1739.08 
4978.28 
MS 
511.73 
3112.87 
4493.61 
96.50 
1269.36 
54317.66 
2258.55 
781.10 
58252.52 
860.14 
782.73 
1489.06 
1063.43 
66.58 
208.95 
193.00 
416.10 
547.20 
512.72 
0.18 
210.40 
1543.42 
166.60 
1057.87 
547.68 
4.28 
378.77 
1739.08 
113.14 
-p -
0.40 
2.45 
3.54 
0.08 
69.40 
2.89 
1.00 
0.74 
1.10 
3.58 
2.56 
0.16 
0.50 
0.46 
3.28 
3.08 
0.00 
1.26 
9.26 
9.35 
4.84 
0.04 
3.35 
15.37 
Probability 
0.15 
0.12 
0.07 
0.78 
0.00 
0.10 
0.32 
' 
0.39 
0.30 
0.07 
0.12 
0.69 
0.48 
0.50 
0.08 
0.09 
0.97 
1.27 
0.00 
0.00 
0.03 
0.85 
0.07 
0.00 
TABLE Al cont'd 
Source 
HR Performance X Trials 
HR Performance X Trials 
X Order 
HR Performance X Trials 
X Pay 
HR Performance X Trials 
X Order X Pay 
Covariate 
Error 
Sessions X Trials 
Sessions X Trials 
X Order 
Sessions X Trials X Pay 
Sessions X Trials 
X Order X Pay 
Covariate 
Error 
HR Performance X Sessions 
X Trials 
HR Performance X Sessions 
X Trials X Order 
HR Performance X Sessions 
X Trials X Pay 
HR Performance X Sessions 
X Trials X Order X Pay 
Covariate 
Error 
df 
1 
1 
1 
1 
1 
44 
1 
1 
1 
1 
1 
44 
1 
1 
1 
1 
1 
44 
SS 
206.15 
18.13 
2.19 
245.28 
5445.81 
8836.90 
89.49 
2.79 
434.01 
136.77 
1332.23 
6291.95 
408.80 
867.61 
143.37 
19.10 
6351.33 
5399.51 
MS 
206.15 
18.13 
2.19 
245.28 
5445.81 
200.84 
89.49 
2.79 
434.01 
136.77 
1332.23 
143.00 
408.80 
867.61 
143.37 
19.10 
6351.33 
122.72 
I 
1.03 
0.09 
0.01 
1.22 
27.12 
0.63 
0.02 
3.04 
0.96 
9.32 
3.33 
7.07 
1.17 
0.16 
51.76 
Probability 
0.32 
0.77 
0.92 
0.28 
0.00 
0.43 
0.89 
0.09 
0.33 
0.00 
0.07 
0.01 
0.29 
0.70 
0.00 
TABLE A2 
Adjusted Cell Means and Standard Deviations 
for the Analysis of Covariance with Payment - No Payment 
Trial 1 Increase 
Decrease 
Order 1 (N - 13) 
Pay 
Session 1 Session 2 
2.5 (2.87) 
-0.4 (1.49) 
1.9 (2.14) 
-1.3 (1.85) 
Increase* 
Decrease* 
Order 1 (N = 13) 
Pay 
Session 1 Session 2 
2.0 (2.46) 
-0.5 (1.74) 
2.7 (4.06) 
-0.8 (1.61) 
Trial 1 Increase 
Decrease 
Order 1 (N = 12) 
No Pay 
Session 1 Session 2 
2.4 (2.08) 
0.0 (1.52) 
2.9 (2.64) 
-0.4 (1.13) 
Increase* 
Decrease* 
Order 1 (N - 12) 
No Pay 
Session 1 Session 2 
3.4 (2.64) 
-0.1 (1.88) 
2.9 (2.60) 
-0.4 (1.11) 
Trial 1 Increase 
Decrease 
Session 1 
0.9 (1.92) 
0.8 (1.54) 
Order 2 (N =17) 
Pav 
Session 2 
1.3 (2.70) 
-0.9 (1.24) 
Increase* 
Decrease* 
Order 2 (N = 17) 
Pay 
Session 1 Session 2 
1.2 (2.23) 
-0.4 (1.29) 
1.1 (1.87) 
-0.9 (2.24) 
Trial 1 Increase 
Decrease 
Order 2 (N - 7) 
No Pay 
Session 1 Session 2 
3.8 (1.95) 
2.0 (1.78) 
3.5 (1.21) 
0.6 (2.11) 
Increase* 
Decrease * 
Order 2 (N - 7)' 
No Pay 
Session 1 Session 2 
3.9 (2.88) 
0.6 (1.60) 
2.5 (1.71) 
-0.1 (1.95 
*Trial 2 
APPENDIX F 
Detailed Summaries of Repeated Measures 
Analyses of Variance on Pretrial Response 
Level for Each Physiological Variable 
A. Pretrial HR Level 
B. Pretrial Respiration Rate Level 
C. Pretrial Forearm Flexor EMG Level 
D. Pretrial Eye Blink Level 
E. Pretrial GSR Level 
Tables A3 
Tables A5 
Tables A7 
Tables A9 
Tables All 
TABLE A3 
Summary Table for One-^Factor 
Repeated ^ Measures ANOVA on Pretrial HR 
fox Session 1 and Session 2 
Source 
Order 
Error 
Pretrial 
Pretrial 
Error 
HR 
HR X Order 
Session 1 
df 
1 
47 
3 
3 
141 
SS 
174.91 
3388.29 
20.93 
8.41 
369.49 
MS 
174.91 
72.09 
6.98 
2.80 
2.62 
2 
2 
1 
Source 
Order 
Error 
Pretrial 
Pretrial 
Error 
HR 
HR X Order 
Ses: 
df 
1 
47 
3 
3 
141 
sion 2 
SS 
154.15 
3752.02 
25.62 
6.97 
516.40 
MS 
154.15 
79.83 
8.54 
2.32 
3.66 
1 
2 
0 
TABLE A4 
Cleans and Standard Deviations for Pretrial HR 
for Session 1 and Session 2 
Session 1 
Order 1 (N=25) Order 2 (N=24) 
Pretrial HR 1 
Pretrial HR 2 
Pretrial HR 3 
Pretrial HR 4 
34.2 (5.06) 
33.5 (5.12) 
33.3 (4.86) 
33.5 (5.01) 
35.7 (3.51) 
36.1 (3.73) 
(3.97) 
(4.05) 
35.1 
35.1 
Session 2 
Order 1 (N=25) Order 2 CN=24) 
Pretrial HR 1 
Pretrial HR 2 
Pretrial HR 3 
Pretrial HR 4 
34.3 (5.65) 
34.2 (5.36) 
33.6 (4.69) 
33.5 (5.14) 
36.4 
35.4 
35.7 
35.2 
(4.07) 
(4.32) 
(4.75) 
(3.73) 
TABLE A5 
Summary Table 
for One-KPactor Repeated Measures ANOVA 
on Pretrial Respiration for Session 1 and Session 
Source 
Order 
Error 
Pretrial Respiration 
Pretrial Respiration X Order3 
Error 
Session 1 
df SS 
1 0.54 
47 242.24 
3 2.21 
* 2.32 
.41 92.58 
1 § L 
0.54 
5.15 
0.74 
0.77 
0.66 
z 
0.11 
1.12 
1.18 
Sess ion 2 
Source df jSS MS F 
Order 1 1.58 1.58 0.29 
Error 47 260.94 5.55 
Pretrial Respiration 3 2.92 0.97 1.00 
Pretrial Respiration X Order3 8.79 2.93 3.02 
Error 141 137.07 0.97 
TABLE A6 
Means and Standard Deviations for Pretrial Respiration 
for Session 1 and Session 2 
Session 1 
Order 1 (N = 25) Order 2 CN = 24) 
Pretrial Respiration 1 
Pretrial Respiration 2 
Pretrial Respiration 3 
Pretrial Respiration 4 
7.3 (1.33) 
7.5 CI.24) 
(0.91) 
(0.97) 
7.5 
7.8 
7.4 
7.3 
7.5 
7.5 
(1.68) 
(1.35) 
(1.64) 
(1.39) 
Session 2 
Order 1 (N = 25) Order 2 (N = 24) 
Pretrial Respiration 1 
Pretrial Respiration 2 
Pretrial Respiration 3 
Pretrial Respiration 4 
7.6 
7.1 
7.6 
(1.13) 
(1.63) 
(1.14) 
6.9 (1.81) 
7.5 (1.50) 
7.3 (1.48) 
7.4 (1.09) 
7.2 (1.68) 
TABLE A7 
Summary Table 
for One-Factor Repeated Heasures ANOVA " 
on Pretrial EMG for Session 1 and Session 2 
Source 
Order 
Error 
Pretrial 
Pretrial 
Error 
EMG 
EMG X Order 
Session 1 
df SS 
1 2.66 
47 35.22 
3 3.26 
3 4.35 
141 103.08 
MS 
2.67 
0.75 
1.09 
1.45 
0.73 
I 
3.54 
1.48 
1.98 
Source 
Order 
Error 
Pretrial 
Pretrial 
Error 
EMG 
EMG X Order 
Sess 
df 
1 
46 
3, 
3 
138 
ion 2 
SS 
0.51 
414.95 
2.63 
2.23 
145.33 
MS 
0.51 
9.02 
0.88 
0.74 
1.05 
I 
0.06 
0.83 
0.71 
TABLE A8 
Means and Standard Deviations for Pretrial EMG 
for Session 1 and Session 2 
Session 1 
Order 1 CN - 25) Order 2 CN = 24) 
Pretrial EMG 1 
Pretrial EMG 2 
Pretrial EMG 3 
Pretrial EMG 4 
0.2 (0.51) 
0.2 (0.75) 
0.3 (0.68) 
0.2 (0.59) 
0.2 (0.50) 
0.6 (1.02) 
(0.30) 
(1.71) 
0.2 
0.9 
Session 2 
Order 1 (N - 25) Order 2 (N - 24) 
Pretrial EMG 1 
Pretrial EMG 2 
Pretrial EMG 3 
Pretrial EMG 4 
1.0 
0.5 
0.4 
0.5 
(3.62) 
(1.75) 
(1.79) 
(1.21) 
0.5 (0.99) 
0.4 (0.95) 
(1.06) 
(0.75) 
0.6 
0.4 
TABLE A9 
Stimmary Table 
for One-KFactor Repeated Treasures ANOVA 
on P r e t r i a l Eye Blink for Session 1 and Session 2 
Source 
Order 
Error 
Pretrial 
Pretrial 
X Order 
Error 
Eye 
Eye 
Blink 
Blink 
Session 1 
df 
1 
47 
3 
3 
141 
SS 
62.40 
984.67 
20.10 
7.56 
704.64 
MS 
62.40 
20.95 
6.70 
2.52 
5.00 
I 
2.98 
1.34 
0.50 
Probability 
0.09 
0.26 
0.68 
Source 
Order 
Error 
Pretrial 
Pretrial 
X Order 
Error 
Eye 
Eye 
Blink 
Blink 
Session 2 
df 
1 
47 
3 
3 
141 
SS 
25.85 
1106.38 
27.67 
14.72 
1167.20 
MS. 
25.85 
23.54 
9.22 
4.91 
8.28 
1 
1.10 
1.11 
0.59 
Probability 
0.30 
0.35 
0.62 
TABLE A10 
Means and Standard Deviations 
for Pretrial Eye Blink 
for Session 1 and Session 2 
Session 1 
Pretrial Eye Blink 1 
Pretrial Eye Blink 2 
Pretrial Eye Blink 3 
Pretrial Eye Blink 4 
Order 1 (N = 25) 
2.4 (2.79) 
2.3 (2.49) 
2.9 (3.12) 
2.8 (2.54) 
Order 2 (N - 24) 
3.3 (3.23) 
3.5 (2.74) 
3.6 (2.92) 
4.5 (3.95) 
Session 2 
Order 1 (N - 25) 
Pretrial Eye Blink 1 
Pretrial Eye Blink 2 
Pretrial Eye Blink 3 
Pretrial Eye Blink 4 
2.6 
3;2 
3.8 
3.5 
(2.25) 
(3.18) 
(4.03) 
(3.72) 
Order 2 (N = 24) 
3.7 (2.78) 
3.8 (3.34) 
3.6 (3.46) 
4.8 (4.55) 
TABLE All 
* SiMjmary Table 
for One-Factor Repeated Measures ANOVA 
on Pretrial GSR for Session 1 and Session 2 
Source 
Order 
Error 
Pretrial 
Pretrial 
Error 
GSR 
GSR X Order 
Session 
df 
1 
47 
3 
3 
141 
1 
SS 
0.02 
48.81 
1.23 
2.15 
68.87 
MS 
0.02 
1.04 
0.41 
0.72 
0.49 
Z 
0.02 
0.84 
1.47 
Source 
Order 
Error 
Pretrial 
Pretrial 
Error 
GSR 
GSR X Order 
Session 2 
df SS 
1 0.07 
47 70.90 
3 4.13 
3 1.86 
141 121.59 
MS 
0.07 
1.51 
1.38 
0.62 
0.86 
I 
0.05 
1.60 
0.72 
TABLE A12 
Means and Standard Deviations 
for Pretrial GSR 
for Session 1 and Session 2 
Session 1 
Pretrial GSR 1 
Pretrial GSR 2 
Pretrial GSR 3 
Pretrial GSR 4 
Order 1 (N = 25) 
0.5 
0.4 
0.8 
0.6 
(0.84) 
(0.60) 
(1.12) 
(0.63) 
Order 2 (N = 24) 
0.7 
0.5 
(0.87) 
(0.60) 
0.5 (0.71) 
0.7 (0.82) 
Session 2 
Pretrial GSR 1 
Pretrial GSR 2 
Pretrial GSR 3 
Pretrial GSR 4 
Order 1 (N = 25) 
0.5 
0.3 
0.5 
(0.67) 
(0.47) 
(0.67) 
1.0 (2.18) 
Order 2 (N = 24) 
0.6 
0.5 
0.5 
0.6 
(0.78) 
(0.76) 
(0.63) 
(0.81) 
APPENDIX G 
Increase and Decrease Cluster Analyses Means for the Three (RR,GSR,EB) 
and Pour (RR5 GSR, EB, EMG) Physiological Variable Cluster Analyses 
Using the Average Linkage Method 
A, Increase Trial Cluster Analysis (RR,GSR,EB) Table A13 
B, Decrease Trial Cluster Analysis (RR,GSR,EB) Table A14 
C, Increase Trial Cluster Analysis (RR,GSR,EB,EMG) Table A15 
D* Decrease Trial Cluster Analysis (RR,GSR,EB,EMG) Table*A16 
TABLE A13 
Increase Trial Cluster 13ean$ fox KR, GSR, EB 
for the Cluster Analysis of Increase HR Trials 
Using the Average Linkage "Method 
Clusters Number of Amalgamation RR GSR EB 
Cases Distance Mean Mean Mean 
1 
2 
3 
4 
5 
6 
7 
8 
9 
7 
13 
6 
11 
4 
4 
4 
2 
2 
.195 
.185 
.138 
.129 
.106 
.139 
.150 
.186 
.201 
.12 
.27 
.06 
.26 
.34 
.45 
.53 
.18 
.40 
.32 
.07 
.08 
.07 
.27 
.25 
.05 
.02 
.17 
.31 
.12 
.20 
.10 
.04 
.25 
.05 
.61 
.78 
1. Differences Between Clusters can be Described in Terms of Those 
Variables I-Those Means Differ Most Between the Clusters 
TABLE A14 
Decrease Trial Cluster Means for RR, GSR, EB 
for the Cluster Analysis of Decrease HR Trials 
Using the Average Linkage Method 
Clusters Number of Amalgamation RR GSR EB 
Cases Distance Mean Mean Mean 
1 
2 
3 
4 
5 
6 
7 
16 
4 
11 
2 
2 
2 
2 
.177 
.137 
.178 
.097 
.132 
.116 
.64 
.12 
.35 
.29 
.63 
.20 
.81 
.58 
.14 
.18 
.06 
.32 
.59 
.10 
.10 
.08 
.17 
.33 
.04 
.46 
.69 
.61 
1. Differences Between Clusters can be Described in Terms of Those 
Variables Whose Means Differ Most Between the Clusters 
TABLE A15 
Increase Trial Cluster "Means for TtR, GSR, EB and EMG 
for the Cluster Analysis of Increase HR-Trials 
Using the Average Linkage "Method 
Clusters Number of Amalgamation RR GSR EB EMG 
Cases Distance Mean Mean Mean Mean 
1 
2 
3 
4 
5 
6 
7 
8 
9 
12 
2 
6 
10 
2 
2 
2 
2 
2 
.212 
.204 
.208 
.207 
.159 
.139 
.199 
.206 
.167 
.12 
.38 
.28 
.29 
.05 
.63 
.20 
.81 
.58 
.08 
.18 
.13 
.34 
.11 
.04 
.46 
.69 
.61 
.10 
.07 
.27 
.15 , 
.44 
.48 
.40 
.51 
.24 
.13 
.18 
.14 
.05 
.22 
.32 
.59 
.10 
.11 
1. Differences Between Clusters can be Described in Terms of Those 
Variables Whose Means Differ Most Between the Clusters 
TABLE A16 
Decrease Trial Cluster Means for RR, GSR, EB and GSR 
for the Cluster Analysis of Decrease HR-Trials 
Using the Average Linkage Method 
Clusters Number of Amalgamation RR GSR EB EMG 
Cases Distance Mean Mean Mean Mean 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
2 
3 
2 
4 
6 
4 
9 
3 
3 
2 
.122 
.194 
.112 
.152 
.193 
.151 
.151 
.172 
.167 
.171 
.06 
.21 
.09 
.14 
.04 
.34 
.24 
.44 
.51 
.44 
.27 
.25 
.29 
.34 
.09 
.04 
.09 
.19 
.05 
.28 
.13 
.33 
.51 
.34 . 
.11 
.09 
.18 
.25 
.16 
.53 
.44 
.05 
.06 
.27 
.15 
.27 
.06 
.21 
.03 
.25 
1. Differences Between Clusters can be Described in Terms of Those 
Variables Whose Means Differ Most Between the Clusters 
APPENDIX R 
Canonical Correlation Analysis on 
Physiological (RR, EMG, EB, GSR), 
Personality (I-E) and Cognitive Table A17 
Variables Predicting Bidirectional 
HR Control 
TABLE A17 
Canonical Correlation Analysis on Physiological 
(RR, EMG, EB, GSR), Personality (I-E) and 
Cognitive Variables Predicting Bidirectional HR Control 
Canonical Correlation 
Eigenvalue 
Chi-Square 
df 
Significance 
R = .71 
.51 
41.26 
22 
0.008. 
R c_ = .58 
.33 
14.88 
10 
0.136 
Variable 
Set 1 (Predictor Variables) 
Variate 1 Variate 2 
Increase Respiration 
Increase EMG 
Increase Eye Blink 
Increase GSR 
Decrease Respiration 
Decrease EMG 
Decrease Eye Blink 
Decrease GSR 
Increase Cognition 
Decrease Cognition 
In trover s ion-Extrover s ion 
-.14 
-.21 
-.17 
-.35 
-.35 
.01 
.45 
-.99 
.54 
-.15 
-.51 
-.12 
.01 
-.10 
.27 
.65 
.32 
.24 
-.16 
.03 
-.63 
-.23 
Variable 
Set 2 (Predicted Variables) 
Variate 1 Variate 2 
Increase HR Performance 
Decrease HR Performance 
1.01 
.54 
-.26 
.89 
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Appendix J 
Summary Data for Individual Subjects 
SUBJECT NUMBER: 1 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 37.4 BLOCKS 163 
DECREASE -14.9 BLOCKS 85 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.18 -.06 .01 .01 
DECREASE -.30 .54 .36 .32 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 5.7 1.09 .40 .46 
DECREASE -6.1 -.13 -1.83 .06 
PERSONALITY MEASURES: 
TRAIT ANXIETY 45 
STATE ANXIETY(1) 33 
STATE ANXIETY(2) 38 
LC 18 
RS 16 
IE 17 
ANXIETY FACTOR SCORE: 0.670 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 4 5 4 5 
DECREASE 5 6 7 7 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 33.1 33.1 33.7 31.9 
DECREASE 30.8 31.8 35.1 31.8 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 35.9 36. 41.1 24.2 
DECREASE 4.1 34.1 -20.2 -5.9 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
11.6 
1.0 
16.6 
2.5 
1.0 
1.1 
0.2 
0.6 
2.7 
18.7 
-12.3 
83.8 
0.6 
-2.8 
0.5 
-0.6 
8.5 
-2.7 
0.0 
-2.7 
0.1 
-2.2 
0.7 
0.0 
-5.6 
-11.6 
0.5 
0.1 
0.1 
-1.5 
0.5 
0.0 
INCREASE COGNITIVE VARIABLE: 3.4 
DECREASE COGNITIVE VARIABLE: 2.3 
SUBJECT NUMBER: 2 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 43.0 BLOCKS 120 
DECREASE -11.3 BLOCKS 53 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.45 -.63 -.17 .37 
DECREASE .57 .06 .19 -.01 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 7.5 -.44 -3.02 .02 
DECREASE -10.6 -.26 -6.36 -.39 
PERSONALITY MEASURES: 
TRAIT ANXIETY 32 
STATE ANXIETY(1) 35 
STATE ANXIETY(2) 47 
LC 13 
RS 13 
IE 10 
ANXIETY FACTOR SCORE: -0.173 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 7 8 5 7 
DECREASE 6 8 7 4 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 38.1 34.9 39.4 39.1 
DECREASE 37.2 36.1"36.2 36.1 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 31.0 60. 20.7 18.5 
DECREASE 11.3 6.1 2.2 -5.3 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
11.5 
3.7 
0.1 
0.2 
-4.4 
-5.7 
-0.4 
-1.9 
-7.2 
-2.4 
-2.2 
-1.1 
-3.9 
-3.5 
0.3 
-1.1 
39.3 
-1.0 
0.8 
0.5 
-2.7 
-6.1 
0.0 
0.0 
-4.0 
-12.9 
0.4 
-0.3 
0.7 
-4.5 
0.0 
0.0 
INCREASE COGNITIVE VARIABLE: 2.4 
DECREASE COGNITIVE VARIABLE: 2.4 
SUBJECT NUMBER: 3 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 48.1 BLOCKS 123 
DECREASE -10.4 BLOCKS 51 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .10 . .22 .35 
DECREASE -.36 . .38 -.18 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 12.9 . 8.97 .85 
DECREASE 15.7 . -3.08 -.03 
PERSONALITY MEASURES: 
TRAIT ANXIETY 40 
STATE ANXIETY(1) 49 
STATE ANXIETY(2) 32 
LC 4 
RS 15 
IE 7 
ANXIETY FACTOR SCORE: 0.856 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 3 7 3 4 
DECREASE 4 8 2 4 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 34.7 34.6 36.9 36.0 
DECREASE 37.2 36.0 35.1 35.5 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 6.1 49. 40.7 12.0 
DECREASE 30.7 24.7 12.0 -0.9 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
13.7 
5.3 
3.3 
1.7 
0.7 
0.3 
-0.4 
-1.9 
27.6 
3.9 
3.9 
5.9 
0.5 
0.1 
0.3 
-1.1 
5.1 
0.8 
6.3 
-0.9 
0.3 
0.0 
0.0 
0.0 
9.9 
0.6 
8.4 
-0.3 
-0.7 
-0.6 
0.0 
0.0 
INCREASE COGNITIVE VARIABLE: 3.3 
DECREASE COGNITIVE VARIABLE: 2.8 
SUBJECT NUMBER: 4 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 92.5 BLOCKS 184 
DECREASE -17.3 BLOCKS 163 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .16 -.04 .12 .02 
DECREASE .30 -.06 .41 -.24 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 121.7 .17 4.82 .20 
DECREASE 4.6 .04 -1.79 -.03 
PERSONALITY MEASURES: 
TRAIT ANXIETY 49 
STATE ANXIETY(1) 45 
STATE ANXIETY(2) 42 
LC 12 
RS 13 
IE 7 
ANXIETY FACTOR SCORE: 1.544 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 9 8 9 9 
DECREASE 7 7 8 5 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 36.1 37.2 33.7 33.4 
DECREASE 38.1 36.7 34.8 32.7 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 73.7 93. 99.3 103.8 
DECREASE -21.7 -11.6 -19.6 -8.1 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 62.3 168.1 151.1 105.5 
DECREASE -16.8 6.1 2.1 36.8 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
0.2 
0.1 
3.4 
-2.8 
0.5 
0.0 
0.8 
0.0 
12.5 
1.8 
-0.3 
0.0 
-0.3 
0.1 
0.7 
-4.0 
0.3 
0.0 
0.1 
0.0 
2.7 
-1.5 
0.3 
-0.2 
INCREASE COGNITIVE VARIABLE: 5.0 
DECREASE COGNITIVE VARIABLE: 5.0 
SUBJECT NUMBER: 5 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE:•' 
INCREASE 36.5 BLOCKS 118 
DECREASE -23.1 BLOCKS 45 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .13 -.11 -.04 -.04 
DECREASE .02 .16 .24 . 0 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 6.7 .00 -.20 .00 
DECREASE -21.7 .02 -.11 .00 
PERSONALITY MEASURES: 
TRAIT ANXIETY 34 
STATE ANXIETY(1) 45 
STATE ANXIETY(2) 52 
LC 8 
RS 14 
IE 14 
ANXIETY FACTOR SCORE: 0.500 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 5 5 7 2 
DECREASE 4 7 8 5 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 36.6 36.5 37.6 37.3 
DECREASE 34.5 35.3 36.7 32.8 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 35.8 34. 28.3 10.0 
DECREASE 31.3 10.8 -22.1 18.7 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
1.6 
-28.5 
0.0 
0.0 
0.1 
0.2 
0.0 
0.1 
-0.4 
-37.8 
0.0 
0.0 
-0.8 
0.3 
0.0 
0.0 
15.4 
-20.6 
0.0 
0.2 
0.3 
-0.1 
0.1 
0.0 
-4.2 
-7.3 
0.5 
-2.5 
0.3 
0.6 
0.0 
0.0 
INCREASE COGNITIVE VARIABLE: 3.7 
DECREASE COGNITIVE VARIABLE: 3.0 
SUBJECT NUMBER: 6 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 38.1 BLOCKS 48 
DECREASE -7.5 BLOCKS 58 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.62 -.27 -.53 -.05 
DECREASE .27 -.27 -.03 .00 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE -20.5 14.50 -24.84 1.10 
DECREASE -24.7 34.62 -.40 .21 
PERSONALITY MEASURES: 
TRAIT ANXIETY 32 
STATE ANXIETY(1) 42 
STATE ANXIETY(2) 40 
LC 7 
RS 16 
IE 11 
ANXIETY FACTOR SCORE: 0.064 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 7 7 2 9 
DECREASE 8 6 7 8 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 38.8 37.8 37.8 36.2 
DECREASE 32.2 32.5 32.6 30.7 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 2.3 -2. 12.3 34.1 
DECREASE -3.2 4.0 -4.0 6.1 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE -12.5 -7.1 -7.9 -24.6 
DECREASE -25.7 -30.2 -23.0 -16.9 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
119.7 
0.1 
-3.6 
-0.6 
0.0 
0.1 
0.0 
0.0 
0.5 
-0.9 
-0.4 
0.0 
15.7 
74.5 
0.8 
0.6 
1.7 
0.7 
0.0 
-0.5 
-29.9 
-5.5 
1.1 
0.1 
INCREASE COGNITIVE VARIABLE: 3.0 
DECREASE COGNITIVE VARIABLE: 1.7 
SUBJECT NUMBER: 7 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 60.3 BLOCKS 138 
DECREASE -31.1 BLOCKS 48 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .67 .22 -.08 .38 
DECREASE -.50 .02 -.19 . 0 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 43.3 -.07 3.18 .35 
DECREASE 1.7 .01 -1.36 .00 
PERSONALITY MEASURES: 
TRAIT ANXIETY 51 
STATE ANXIETY(1) 44 
STATE ANXIETY(2) 3 6 
LC 5 
RS 19 
IE 9 
ANXIETY FACTOR SCORE: 1.780 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 9 9 4 3 
DECREASE 3 6 9 9 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 33.6 32.6 34.3 31.9 
DECREASE 30.8 29.0 26.8 30.1 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 71.1 78. 21.2 24.3 
DECREASE 40.0 9.4 11.6 -32.2 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
43.0 
-35.9 
0.0 
0.0 
5.4 
-5.4 
0.2 
0.0 
77.5 
-16.5 
0.1 
0.0 
0.5 
-11.7 
0.7 
0.1 
12.6 
1.9 
0.1 
0.0 
1.1 
0.1 
0.0 
0.0 
11.3 
3.3 
-0.5 
0.0 
2.7 
-0.9 
0.1 
0.0 
INCREASE COGNITIVE VARIABLE: 3.0 
DECREASE COGNITIVE VARIABLE: 2.7 
SUBJECT NUMBER: 8 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 29.2 BLOCKS 97 
DECREASE -5.9 BLOCKS 50 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.06 .21 -.05 .20 
DECREASE -.21 .04 .12 . 0 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 2.9 -.02 .12 .08 
DECREASE -13.3 -.04 -.75 .00 
PERSONALITY MEASURES: 
TRAIT ANXIETY 42 
STATE ANXIETY(1) 36 
STATE ANXIETY(2) 32 
LC 7 
RS 13 
IE 7 
ANXIETY FACTOR SCORE: 0.499 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 3 5 2 2 
DECREASE 1 2 2 1 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 37.2 36.7 38.9 38.9 
DECREASE 35.2 34.3 35.5 33.0 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 21.4 27. 23.1 14.6 
DECREASE 10.9 -3.0 2.0 10.1 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
-0.6 
-10.8 
0.0 
0.0 
0.1 
0.2 
0.0 
0.0 
8.5 
-15.9 
0.0 
0.0 
0.0 
-1.3 
0.0 
0.0 
-1.7 
-13.1 
0.0 
0.0 
0.2 
-0.2 
0.3 
0.0 
-0.6 
-4.4 
-0.2 
-0.5 
0.7 
0.3 
0.0 
0.0 
INCREASE COGNITIVE VARIABLE: 2.0 
DECREASE COGNITIVE VARIABLE: 2.0 
SUBJECT NUMBER: 9 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 33.0 BLOCKS 11 
DECREASE -26.0 BLOCKS 144 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.77 -.13 .59 .65 
DECREASE -.18 -.29 .55 .30 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE -.2 .27 2.11 .86 
DECREASE -3.8 -8.54 -1.38 -.22 
PERSONALITY MEASURES: 
TRAIT ANXIETY 42 
STATE ANXIETY(1) 30 
STATE ANXIETY(2) 36 
LC 10 
RS 21 
IE 11 
ANXIETY FACTOR SCORE: 0.516 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 2 2 1 2 
DECREASE 8 8 7 5 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 41.9 39.9 41.8 42.0 
DECREASE 41.5 41.2 42.8 41.7 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 1.6 1. -2.1 12.1 
DECREASE -25.2 -36.9 -16.6 3.3 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
-10.9 
-12.2 
0.0 
-8.4 
0.9 
-1.3 
0.4 
0.3 
-1.6 
14.1 
0.1 
-4.9 
0.1 
-3.7 
0.1 
-1.4 
-2.1 
-9.8 
6.8 
-12.9 
1.1 
0.8 
0.3 
0.3 
0.9 
-6.6 
0.4 
-3.4 
0.9 
0.6 
0.5 
0.2 
INCREASE COGNITIVE VARIABLE: 3.3 
DECREASE COGNITIVE VARIABLE: 3.5 
SUBJECT NUMBER: 10 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 33.5 BLOCKS 91 
DECREASE -9.0 BLOCKS 93 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.11 .09 .02 .20 
DECREASE .22 .05 .14 -.10 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 21.4 .07 2.04 1.01 
DECREASE -6.1 .02 -2.00 -.09 
PERSONALITY MEASURES: 
TRAIT ANXIETY 34 
STATE ANXIETY(1) 37 
STATE ANXIETY(2) 36 
LC 6 
RS 15 
IE 11 
ANXIETY FACTOR SCORE: -0.028 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 3 5 3 4 
DECREASE 9 9 10 9 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 25.7 24.9 25.6 25.7 
DECREASE 24.7 25.9 25.1 25.8 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 21.0 25. 27.4 17.4 
DECREASE -3.6 -7.9 5.9 -4.9 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 0.8 25.6 15.9 23.1 
DECREASE -9.7 -6.5 1.5 -2.3 
EMG: 
INCREASE 0.0 0.0 0.1 0.0 
DECREASE 0.0 0.0 0.0 0.1 
EB: 
INCREASE 1.1 1.4 1.0 0.5 
DECREASE 0.6 -2.6 -0.3 -3.4 
GSR: 
INCREASE 1.7 0.8 0.2 0.5 
DECREASE -0.4 0.1 0.2 0.3 
INCREASE COGNITIVE VARIABLE: 3.7 
DECREASE COGNITIVE VARIABLE: 3.1 
SUBJECT NUMBER: 11 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 50.8 BLOCKS 159 
DECREASE -14.6 BLOCKS 106 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .18 -.14 -.27 .10 
DECREASE -.06 .27 .35 .30 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 31.5 -.14 -2.17 .76 
DECREASE 8.7 -.16 -7.14 .32 
PERSONALITY MEASURES: 
TRAIT ANXIETY 37 
STATE ANXIETY(l) 38 
STATE ANXIETY(2) 39 
LC 5 
RS 14 
IE 13 
ANXIETY FACTOR SCORE: 0.298 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 8 8 7 5 
DECREASE 6 9 2 8 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 39.7 39.3 40.5 39.6 
DECREASE 39.1 39.3 39.6 40.6 
TRIAL MEANS FOR HR: 
TRIAL 1 2 - 3 4 
INCREASE 34.8 46. 62.0 40.7 
DECREASE 3.6 -9.9 3.1 -17.4 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
10.2 
6.0 
0.2 
0.0 
-2.3 
-1.6 
0.7 
1.0 
21.5 
14.0 
-0.5 
0.1 
-4.9 
-5.2 
-0.1 
0.2 
36.8 
6.6 
0.1 
0.0 
-2.5 
-4.4 
1.2 
0.5 
43.4 
8.8 
-0.4 
-0.4 
0.4 
-10.1 
1.0 
-0.0 
INCREASE COGNITIVE VARIABLE: 4.5 
DECREASE COGNITIVE VARIABLE: 3.8 
SUBJECT NUMBER: 12 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 40.1 BLOCKS 132 
DECREASE -10.7 BLOCKS 50 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.20 . 0 -.13 -.45 
DECREASE .47 . 0 .11 .13 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 14.3 .00 .88 .69 
DECREASE -2.7 .00 1.99 .76 
PERSONALITY MEASURES: 
TRAIT ANXIETY 33 
STATE ANXIETY(l) 28 
STATE ANXIETY(2) 35 
LC 7 
RS 17 
IE 12 
ANXIETY FACTOR SCORE: -0.407 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 5 1 6 4 
DECREASE 2 2 5 6 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 38.9 38.7 37.5 35.7 
DECREASE 43.4 42.6 44.3 42.3 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 34.6 4. 41.3 41.2 
DECREASE 8.7 4.4 -4.1 17.6 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
24.7 
-9.2 
0.0 
0.0 
2.2 
6.1 
3.0 
1.5 
5.7 
1.7 
0.0 
0.0 
-2.1 
0.0 
0.3 
0.3 
15.1 
-5.9 
0.0 
0.0 
1.5 
-0.4 
-1.0 
0.1 
0.6 
3.9 
0.0 
0.0 
-1.1 
0.4 
-0.2 
0.0 
INCREASE COGNITIVE VARIABLE: 2.9 
DECREASE COGNITIVE VARIABLE: 3.3 
SUBJECT NUMBER: 13 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 36.7 BLOCKS 35 
DECREASE -18.3 BLOCKS 143 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.06 . 0 -.29 .62 
DECREASE .56 -.13 .56 .05 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 5.8 .00 -.27 .29 
DECREASE -10.3 -.03 -.95 -.05 
PERSONALITY MEASURES: 
TRAIT ANXIETY 27 
STATE ANXIETY(l) 31 
STATE ANXIETY(2) 32 
LC 5 
RS 10 
IE 11 
ANXIETY FACTOR SCORE: -1.020 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 3 4 2 1 
DECREASE 4 2 3 2 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 36.9 32.2 32.9 32.3 
DECREASE 34.7 36.0 34.4 35.0 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE -20.1 -13. 20.5 -13.0 
DECREASE -7.1 -4.7 -12.5 -29.0 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 18.8 3.4 5.0 9.0 
DECREASE -1.9 -14.6 -3.9 -21.1 
EMG: 
INCREASE 0.0 0.0 0.0 0.0 
DECREASE -0.1 0.0 0.0 0.0 
EB: 
INCREASE -1.9 -0.2 0.5 -1.5 
DECREASE -0.1 -0.9 -0.2 -2.0 
GSR: 
INCREASE 0.1 0.0 0.3 0.2 
DECREASE 0.0 0.0 0.0 -0.1 
INCREASE COGNITIVE VARIABLE: 1.7 
DECREASE COGNITIVE VARIABLE: 2.4 
SUBJECT NUMBER: 14 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 37.7 BLOCKS 48 
DECREASE -10.2 BLOCKS 67 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.46 -.44 -.35 .14 
DECREASE -.04 -.18 .13 -.21 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 7.1 -.62 -3.28 1.10 
DECREASE -18.3 .04 -2.30 .04 
PERSONALITY MEASURES: 
TRAIT ANXIETY 28 
STATE ANXIETY(1) 28 
STATE ANXIETY(2) 24 
LC 12 
RS 9 
IE 13 
ANXIETY FACTOR SCORE: -1.311 
SELF-RATINGS OF SUCCESS: 
TRIAL -1 —2 3 4 
INCREASE 2 4 2 2 
DECREASE 3 6 3 4 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 28.4 29.3 29.0 28.1 
DECREASE 33.6 30.0 30.0 29.3 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 27.1 14. -40.3 2.3 
DECREASE 14.8 8.0 3.7 -6.3 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 6.8 12.8 -6.8 5.3 
DECREASE -17.6 -21.2 -14.3 -21.3 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
-1.4 
0.1 
-5.9 
-0.5 
0.4 
0.6 
0.0 
0.1 
-2.7 
-0.5 
1.0 
0.4 
-2.0 
0.0 
-9.6 
-1.7 
-0.0 
0.5 
0.2 
0.1 
0.7 
-2.0 
0.5 
0.1 
INCREASE COGNITIVE VARIABLE: 2.0 
DECREASE COGNITIVE VARIABLE: 2.3 
SUBJECT NUMBER: 15 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 37.8 BLOCKS 119 
DECREASE -18.2 BLOCKS 139 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.05 .18 .42 .18 
DECREASE .38 .30 .02 -.01 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 12.6 .23 1.38 .20 
DECREASE -19.4 -.04 -.26 .04 
PERSONALITY MEASURES: 
TRAIT ANXIETY 45 
STATE ANXIETY(1) 29 
STATE ANXIETY(2) 36 
LC 2 
RS 13 
IE 9 
ANXIETY FACTOR SCORE: 0.643 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 2 5 2 5 
DECREASE 3 6 3 2 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 39.7 37.2 40.8 39.9 
DECREASE 40.1 38.5 44.1 39.3 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 21.5 37. 19.4 37.1 
DECREASE -4.4 -20.5 -21.4 -2.4 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
6.7 
-4.4 
0.1 
0.0 
1.0 
-4.0 
0.0 
0.1 
9.8 
-15.1 
0.9 
-0.4 
0.5 
0.1 
-0.0 
0.0 
7.7 
-34.9 
0.0 
0.0 
-1.1 
0.7 
0.0 
0.0 
16.9 
-11.4 
0.0 
0.3 
4.0 
1.6 
0.6 
0.0 
INCREASE COGNITIVE VARIABLE: 2.9 
DECREASE COGNITIVE VARIABLE: 2.7 
SUBJECT NUMBER: 16 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 36.8 BLOCKS 73 
DECREASE -23.3 BLOCKS 148 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.05 .25 .45 .04 
DECREASE .08 .08 .46 .26 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 13.0 1.15 1.28 .52 
DECREASE -8.4 3.79 -1.01 .24 
PERSONALITY MEASURES: 
TRAIT ANXIETY 35 
STATE ANXIETY(1) 33 
STATE ANXIETY(2) 32 
LC 8 
RS 16 
IE 15 
ANXIETY FACTOR SCORE: -0.176 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 4 2 6 7 
DECREASE 4 5 7 8 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 41.4 41.4 36.3 36.1 
DECREASE 41.2 42.0 36.9 37.1 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 21.2 -9. 26.7 19.6 
DECREASE -3.3 -23.6 -11.9 -32.8 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
7.6 
-7.4 
18.3 
17.7 
1.6 
-1.3 
0.3 
0.4 
1.6 
-8.6 
2.0 
0.5 
-0.4 
0.3 
0.1 
-0.2 
13.5 
-7.8 
0.7 
0.0 
-0.1 
0.1 
0.9 
1.2 
13.9 
-7.8 
0.7 
0.1 
0.6 
-2.9 
0.3 
0.0 
INCREASE COGNITIVE VARIABLE: 3.9 
DECREASE COGNITIVE VARIABLE: 3.6 
SUBJECT NUMBER: 17 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 29.1 BLOCKS 50 
DECREASE -6.9 BLOCKS 8 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .35 .14 -.25 .32 
DECREASE .56 -.08 .37 -.32 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE -.7 -.43 -.86 1.18 
DECREASE -1.3 .38 -1.87 -.02 
PERSONALITY MEASURES: 
TRAIT ANXIETY 47 
STATE ANXIETY(1) 49 
STATE ANXIETY(2) 34 
LC 16 
RS 17 
IE 9 
ANXIETY FACTOR SCORE: 1.394 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 5 6 2 3 
DECREASE 2 4 4 8 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 43.1 42.8 41.9 42.6 
DECREASE 43.6 41.9 38.0 43.0 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 14.9 3. 19.6 10.0 
DECREASE 31.4 28.6 38.4 4.4 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 7.6 4.6 -3.1 -2.6 
DECREASE -29.1 5.4 0.6 7.1 
EMG: 
INCREASE -0.4 -1.9 -0.3 0.0 
DECREASE 1.7 0.0 0.0 0.2 
EB: 
INCREASE -0.6 -0.0 -0.0 -4.2 
DECREASE -6.2 0.8 -0.5 -1.4 
GSR: 
INCREASE -0.0 -0.0 0.9 0.9 
DECREASE 1.6 -0.1 15.9 0.3 
INCREASE COGNITIVE VARIABLE: 2.9 
DECREASE COGNITIVE VARIABLE: 2.9 
SUBJECT NUMBER: 18 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 50.6 BLOCKS 111 
DECREASE -21.7 BLOCKS 96 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.06 .19 .15 .09 
DECREASE -.38 -.24 .13 .09 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE -34.0 -.13 .31 .23 
DECREASE -3.6 .71 .41 -.81 
PERSONALITY MEASURES: 
TRAIT ANXIETY 33 
STATE ANXIETY(1) 27 
STATE ANXIETY(2) 24 
LC 18 
RS 18 
IE 9 
ANXIETY FACTOR SCORE: -0.747 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 3 5 2 1 
DECREASE 2 6 7 4 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 37.3 33.1 36.0 36.0 
DECREASE 34.7 40.0 35.4 37.2 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 19.4 71. 14.8 26.9 
DECREASE 16.8 -22.7 -15.1 2.3 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE -42.9 -34.4 -29.3 -28.4 
DECREASE -5.7 -2.0 -2.0 -17.2 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
-1.2 
-1.5 
0.3 
0.5 
0.7 
0.7 
0.1 
1.9 
0.4 
1.2 
0.2 
-1.2 
0.4 
-0.7 
0.7 
0.1 
0.5 
-0.3 
0.1 
0.0 
-0.2 
-0.8 
-0.1 
-0.4 
INCREASE COGNITIVE VARIABLE: 2.5 
DECREASE COGNITIVE VARIABLE: 4.0 
SUBJECT NUMBER: 19 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 54.5 BLOCKS 89 
DECREASE -37.5 BLOCKS 108 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.41 -.01 -.13 -.31 
DECREASE -.48 -.11 .56 .79 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 22.2 5.72 1.20 .37 
DECREASE -11.1 -.43 -.89 -.80 
PERSONALITY MEASURES: 
TRAIT ANXIETY 46 
STATE ANXIETY(1) 41 
STATE ANXIETY(2) 37 
LC 12 
RS 15 
IE 11 
ANXIETY FACTOR SCORE: 1.082 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 2 5 2 4 
DECREASE 2 5 4 6 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 32.5 27.2 32.3 25.7 
DECREASE 30.0 27.1 26.4 30.5 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE -21.1 63. -1.7 41.1 
DECREASE 26.8 -8.7 -11.6 -63.3 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
12.9 
-9.6 
0.5 
-0.6 
0.6 
-1.1 
0.5 
0.6 
21.9 
-18.9 
7.4 
-2.1 
1.2 
-0.0 
-0.1 
-0.2 
25.3 
-14.4 
0.0 
0.1 
2.6 
1.2 
0.0 
0.3 
19.9 
-7.7 
3.6 
0.0 
1.1 
-3.2 
0.6 
-1.9 
INCREASE COGNITIVE VARIABLE: 2.5 
DECREASE COGNITIVE VARIABLE: 3.0 
SUBJECT NUMBER: 2 0 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 31.8 BLOCKS 55 
DECREASE -14.1 BLOCKS 129 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .28 -.06 -.09 .23 
DECREASE .29 -.13 .15 -.07 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 8.7 .04 .91 -.28 
DECREASE -4.7 .09 -2.69 -.18 
PERSONALITY MEASURES: 
TRAIT ANXIETY 26 
STATE ANXIETY(1) 28 
STATE ANXIETY(2) 34 
LC 10 
RS 12 
IE 12 
ANXIETY FACTOR SCORE: -1.181 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 2 3 1 1 
DECREASE 2 2 1 1 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 34.4 31.7 24.0 24.4 
DECREASE 33.6 34.2 25.7 27.5 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE -1.2 24. 9.4 15.3 
DECREASE -14.2 -9.9 3.1 -12.1 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
4.4 
-6.3 
0.3 
0.0 
2.7 
-3.9 
-0.6 
-0.4 
7.6 
3.5 
0.0 
0.0 
-1.9 
-6.3 
-0.8 
-0.3 
15.2 
-2.4 
0.1 
0.1 
1.3 
3.1 
0.3 
0.3 
-6.8 
-10.5 
0.1 
0.2 
2.2 
1.7 
0.1 
0.1 
INCREASE COGNITIVE VARIABLE: 2.6 
DECREASE COGNITIVE VARIABLE: 2.5 
SUBJECT NUMBER: 21 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 27.9 BLOCKS 23 
DECREASE -15.2 BLOCKS 84 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.62 .00 -.30 .41 
DECREASE -.33 -.07 .22 .13 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE -5.5 -.34 1.04 .41 
DECREASE -2.9 .42 .18 .02 
PERSONALITY MEASURES: 
TRAIT ANXIETY 35 
STATE ANXIETY(1) 36 
STATE ANXIETY(2) 32 
LC 8 
RS 11 
IE 14 
ANXIETY FACTOR SCORE: -0.192 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 2 2 5 3 
DECREASE 3 4 4 2 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 33.8 31.7 33.5 33.8 
DECREASE 33.0 34.3 35.0 33.8 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE -0.7 15. 7.1 8.3 
DECREASE 7.4 -7.8 -14.5 10.7 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
1 
-2.6 
-12.3 
0.3 
0.3 
-1.1 
-0.6 
0.3 
0.1 
2 
-2.9 
-1.2 
0.7 
1.1 
1.1 
1.2 
0.2 
0.0 
3 
-9.5 
-4.0 
0.0 
0.0 
0.3 
0.7 
0.3 
0.1 
4 
-0.3 
-3.9 
0.0 
0.0 
-0.2 
1.0 
-0.0 
0.2 
INCREASE COGNITIVE VARIABLE: 3.3 
DECREASE COGNITIVE VARIABLE: 3.3 
SUBJECT NUMBER: 22 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 37.6 BLOCKS 73 
DECREASE -11.4 BLOCKS 54 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .64 .36 -.43 -.02 
DECREASE .22 .25 -.32 -.38 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 40.7 -.36 -1.02 .43 
DECREASE -3.8 .09 -1.15 .34 
PERSONALITY MEASURES: 
TRAIT ANXIETY 39 
STATE ANXIETY(1) 33 
STATE ANXIETY(2) 34 
LC 4 
RS 19 
IE 8 
ANXIETY FACTOR SCORE: 0.358 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 5 1 1 2 
DECREASE 2 5 6 3 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 29.3 29.6 32.9 33.4 
DECREASE 29.4 30.7 33.9 33.6 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 42.2 11. 11.6 19.7 
DECREASE 13.6 2.2 -9.0 7.1 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
57.1 
-2.2 
0.0 
0.0 
-0.8 
-3.8 
0.4 
-0.3 
21.4 
-7.9 
0.0 
0.2 
-0.3 
-3.7 
0.2 
-1.3 
8.2 
-2.2 
-0.0 
0.2 
1.4 
0.8 
-0.7 
0.7 
8.5 
-1.2 
-1.2 
0.1 
-1.8 
-2.4 
0.3 
0.5 
INCREASE COGNITIVE VARIABLE: 2.8 
DECREASE COGNITIVE VARIABLE: 2.9 
SUBJECT NUMBER: 2 3 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 2 8.7 BLOCKS 56 
DECREASE -11.8 BLOCKS 18 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .34 .27 -.10 .19 
DECREASE .24 . 0 .30 .14 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 8.8 .11 -2.00 .36 
DECREASE -7.9 .00 -7.20 -.72 
PERSONALITY MEASURES: 
TRAIT ANXIETY 35 
STATE ANXIETY(1) 39 
STATE ANXIETY(2) 38 
LC 4 
RS 19 
IE 10 
ANXIETY FACTOR SCORE: 0.291 
SELF-RATINGS OF SUCCESS: 
TRIAL 1„ 2 3 4 
INCREASE 0 2 4 5 
DECREASE 4 5 4 4 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 35.4 32.3 33.7 34.8 
DECREASE 33.2 31.2 33.0 34.5 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE -3.6 12. 16.5 24.0 
DECREASE 23.1 13.6 20.0 2.8 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
10.6 
-4.1 
-0.9 
0.1 
-0.7 
-1.7 
0.4 
2.8 
3.1 
-0.8 
-0.4 
0.9 
-3.7 
3.0 
-0.2 
0.4 
10.6 
2.5 
0.3 
0.2 
-0.6 
0.9 
-0.1 
0.8 
7.2 
-8.8 
0.2 
0.1 
-2.6 
-0.8 
0.2 
-0.6 
INCREASE COGNITIVE VARIABLE: 1.8 
DECREASE COGNITIVE VARIABLE: 2.9 
SUBJECT NUMBER: 24 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 37.4 BLOCKS 43 
DECREASE -11.6 BLOCKS 5 9 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .24 .60 .32 .41 
DECREASE .04 .42 .14 -.32 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE -6.2 8.42 .00 1.85 
DECREASE 2.7 -1.05 -1.93 -2.55 
PERSONALITY MEASURES: 
TRAIT ANXIETY 34 
STATE ANXIETY(1) 34 
STATE ANXIETY(2) 36 
LC 13 
RS 14 
IE 13 
ANXIETY FACTOR SCORE: -0.245 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 2 2 9 4 
DECREASE 7 6 6 5 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 37.2 36.8 34.9 31.4 
DECREASE 35.4 34.0 36.7 33.0 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE -2.1 -1. 26.0 16.6 
DECREASE 10.8 5.8 -9.0 13.2 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS 
TRIAL 1 2 3 4 
RR: 
INCREASE -3.3 
DECREASE 14.6 
EMG: 
INCREASE 1.8 
DECREASE 0.0 
EB: 
INCREASE 1.2 
DECREASE 0.7 
GSR: 
INCREASE 0.6 
DECREASE 0.2 
-1.6 1.9 0.9 
-10.3 -0.5 -0.5 
INCREASE 
DECREASE 
COGNITIVE 
COGNITIVE 
1.2 -1.3 
2.3 2.0 
-1.5 7.0 
-0.4 -1.7 
0.9 1.2 
0.3 -2.5 
-1.6 
-8.1 
2.2 
-0.1 
-2.5 
-3.4 
VARIABLE: 1.9 
VARIABLE: 3.1 
SUBJECT NUMBER: 2 5 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE . BLOCKS 
DECREASE -21.5 BLOCKS 134 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE . . . . 
DECREASE .05 . 9 .06 .09 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE . . . . 
DECREASE 1.3 .00 -3.20 -.17 
PERSONALITY MEASURES: 
TRAIT ANXIETY 38 
STATE ANXIETY(1) 31 
STATE ANXIETY(2) 41 
LC 16 
RS 16 
IE 13 
ANXIETY FACTOR SCORE: 0.107 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 1 2 4 3 
DECREASE 8 5 6 6 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 35.2 36.1 40.1 39.5 
DECREASE 33.5 37.6 39.4 38.9 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 0.6 -6. -12.3 -15.0 
DECREASE 10.4 -17.4 -22.3 -22.7 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS 
TRIAL 1 
RR: 
INCREASE 6.7 
DECREASE 1.8 
EMG: 
INCREASE 0.0 
DECREASE 0.1 
EB: 
INCREASE -1.8 
DECREASE -3.1 
GSR: 
INCREASE 0.1 
DECREASE 0.2 
INCREASE 
DECREASE 
COGNITIVE 
COGNITIVE 
2 3 
-1.9 9.2 
3.1 -6.8 
0.1 0.1 
0.0 0.0 
0.1 -0.5 
-3.2 -1.5 
-0.5 0.6 
0.4 0.5 
4 
17.8 
-0.2 
0.0 
0.0 
2.2 
-4.4 
0.1 
-1.5 
VARIABLE: 3.4 
VARIABLE: 3.0 
SUBJECT NUMBER: 2 6 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE . BLOCKS 
DECREASE -25.1 BLOCKS 182 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE . . . . 
DECREASE -.13 -.03 .75 .69 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE . . . . 
DECREASE -7.9 .10 -1.62 -.57 
PERSONALITY MEASURES: 
TRAIT ANXIETY 35 
STATE ANXIETY(1) 47 
STATE ANXIETY(2) 38 
LC 7 
RS 17 
IE 16 
ANXIETY FACTOR SCORE: 0.451 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 2 1 3 3 
DECREASE 4 4 3 5 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 27.5 25.2 26.2 25.6 
DECREASE 26.9 26.8 29.0 25.9 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE -4.1 9. -10.4 -5.1 
DECREASE -27.1 -24.3 -37.9 -10.0 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
13.0 
-19.7 
30.1 
0.0 
0.2 
-3.0 
0.0 
-0.2 
0.1 
1.7 
0.4 
0.0 
-1.0 
-1.0 
-1.7 
-0.4 
-10.4 
-2.3 
-1.9 
0.4 
-1.8 
-3.1 
0.4 
-1.7 
3.5 
-11.4 
3.5 
0.0 
0.8 
0.7 
0.6 
0.0 
INCREASE COGNITIVE VARIABLE: 3.4 
DECREASE COGNITIVE VARIABLE: 3.2 
SUBJECT NUMBER: 2 7 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 43.5 BLOCKS 123 
DECREASE -19.0 BLOCKS 56 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.54 -.18 -.22 .63 
DECREASE -.07 .45 .11 -.21 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE -37.8 2.98 -1.21 1.11 
DECREASE -13.7 8.16 -1.21 .06 
PERSONALITY MEASURES: 
TRAIT ANXIETY 38 
STATE ANXIETY(l) 33 
STATE ANXIETY(2) 39 
LC 8 
RS 18 
IE 11 
ANXIETY FACTOR SCORE: 0.286 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 2 4 4 5 
DECREASE 2 2 2 3 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 40.7 39.3 39.1 40.5 
DECREASE 40.7 42.0 40.3 37.4 
TRIAL MEANS FOR HR: 
TRIAL 
INCREASE 
DECREASE 
1 
23.4 
16.4 
2 3 4 
43. 52.3 13.1 
11.6 -15.4 2.6 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE -2.4 -60.6 -36.5 -46.7 
DECREASE -15.3 9.5 -13.6 -32.9 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
4.4 
2.2 
-0.4 
0.2 
-0.7 
0.8 
3.6 
58.4 
-1.2 
-2.2 
1.0 
-0.1 
0.1 
15.1 
-1.9 
-0.8 
2.4 
0.2 
0.1 
8.5 
-3.0 
-1.2 
0.7 
0.9 
INCREASE COGNITIVE VARIABLE: 2.3 
DECREASE COGNITIVE VARIABLE: 2.5 
SUBJECT NUMBER: 28 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 46.8 BLOCKS 94 
DECREASE -19.1 BLOCKS 120 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.19 . 0 .18 .29 
DECREASE -.24 .06 .20 -.14 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 1.3 .00 -.67 .39 
DECREASE -10.7 6.44 -1.37 .25 
PERSONALITY MEASURES: 
TRAIT ANXIETY 30 
STATE ANXIETY(1) 22 
STATE ANXIETY(2) 22 
LC 15 
RS 7 
IE 17 
ANXIETY FACTOR SCORE: -1.487 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 6 5 6 5 
DECREASE 6 6 5 6 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 30.0 29.8 32.5 28.7 
DECREASE 29.4 31.0 29.4 30.0 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 46.2 41. -12.2 9.6 
DECREASE 13.4 -15.5 -10.1 -21.6 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
16.0 
-12.6 
0.0 
31.0 
0.5 
-1.0 
0.5 
0.6 
-19.3 
-6.3 
0.0 
0.6 
-1.8 
-0.6 
0.3 
0.6 
13.4 
-13.4 
0.0 
12.1 
-1.2 
-0.3 
0.1 
0.0 
14.4 
-12.9 
0.0 
8.5 
-1.8 
-2.9 
0.1 
0.1 
INCREASE COGNITIVE VARIABLE: 3.5 
DECREASE COGNITIVE VARIABLE: 3.8 
SUBJECT NUMBER: 2 9 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 27.2 BLOCKS 13 
DECREASE -19.2 BLOCKS 148 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.23 .02 .25 .25 
DECREASE .24 -.06 .28 .32 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 12.2 -.04 3.58 1.08 
DECREASE -9.5 .13 -3.77 -.55 
PERSONALITY MEASURES: 
TRAIT ANXIETY 45 
STATE ANXIETY(1) 49 
STATE ANXIETY(2) 46 
LC 15 
RS 14 
IE 12 
ANXIETY FACTOR SCORE: 1.384 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 3 3 2 2 
DECREASE 6 5 7 6 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 38.6 37.8 39.2 38.9 
DECREASE 36.3 36.0 37.0 35.8 
TRIAL MEANS FOR HR: 
TRIAL 
INCREASE 
DECREASE 
1 
6.4 
-6.3 
2 3 . 4 
14. 2.2 -2.3 
-9.1 -24.2 -19.1 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
10.9 
-3.8 
-0.5 
0.0 
1.8 
0.3 
0.3 
-1.0 
13.0 
-0.3 
0.1 
0.0 
1.6 
-5.5 
-0.5 
-0.2 
-7.0 
-11.1 
0.1 
0.1 
0.5 
-4.0 
0.3 
-0.7 
-5.9 
-15.6 
1.1 
0.3 
-2.4 
-4.2 
-0.2 
-0.4 
INCREASE COGNITIVE VARIABLE: 3.7 
DECREASE COGNITIVE VARIABLE: 3.6 
SUBJECT NUMBER: 3 0 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 41.2 BLOCKS 137 
DECREASE -12.3 BLOCKS 6 7 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.61 -.04 .25 .58 
DECREASE -.45 -.19 .57 .24 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE -3.2 9.88 .48 1.22 
DECREASE -6.5 .34 -1.86 .33 
PERSONALITY MEASURES: 
TRAIT ANXIETY 28 
STATE ANXIETY(1) 34 
STATE ANXIETY(2) 29 
LC 1 
RS 15 
IE 14 
ANXIETY FACTOR SCORE: -0.737 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 7 6 7 7 
DECREASE 5 8 7 6 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 37.2 34.0 32.8 32.4 
DECREASE 33.3 34.5 33.4 33.1 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 33.7 27. 51.8 24.8 
DECREASE 13.8 -14.0 3.9 -3.5 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
15.2 
-6.2 
46.2 
0.1 
-5.6 
0.8 
-0.2 
0.8 
-1.5 
-2.6 
1.2 
0.5 
2.5 
-3.9 
-0.8 
-0.3 
-19.2 
-9.5 
0.0 
0.0 
3.2 
0.8 
4.0 
0.4 
' 
-0.4 
-15.7 
0.0 
0.0 
11.8 
0.9 
1.6 
1.9 
INCREASE COGNITIVE VARIABLE: 3.1 
DECREASE COGNITIVE VARIABLE: 3.0 
SUBJECT NUMBER: 31 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 97.2 BLOCKS 169 
DECREASE -21.2 BLOCKS 31 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .08 -.08 .13 -.02 
DECREASE -.22 . 0 .29 -.53 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 31.5 2.23 -2.28 .43 
DECREASE 42.0 .00 -2.43 -.70 
PERSONALITY MEASURES: 
TRAIT ANXIETY 24 
STATE ANXIETY(1) 3 6 
STATE ANXIETY(2) 31 
LC 6 
RS 13 
IE 12 
ANXIETY FACTOR SCORE: -1.068 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 7 6 8 8 
DECREASE 3 2 2 6 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 29.5 28.2 36.1 34.8 
DECREASE 27.7 26.7 31.4 36.2 
TRIAL MEANS FOR HR: 
TRIAL 
INCREASE 
DECREASE 
1 
68.5 
23.8 
2 3 4 
69. 61.8 158.8 
31.9 40.7 -11.6 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
30.0 
10.0 
0.3 
12.9 
-0.7 
-3.5 
0.3 
0.0 
14.4 
15.6 
7.8 
0.0 
-2.6 
0.1 
0.3 
0.1 
61.6 
3.2 
0.1 
-0.3 
-6.2 
-0.5 
0.8 
0.3 
21.2 
40.1 
0.0 
0.0 
-1.0 
-2.1 
0.5 
-0.7 
INCREASE COGNITIVE VARIABLE: 4.3 
DECREASE COGNITIVE VARIABLE: 3.8 
SUBJECT NUMBER: 3 2 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 43.4 BLOCKS 106 
DECREASE -20.5 BLOCKS 134 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .14 .05 -.16 -.04 
DECREASE .10 -.04 .30 .20 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 65.6 4.56 -.32 1.53 
DECREASE 11.4 -.27 -1.88 -.57 
PERSONALITY MEASURES: 
TRAIT ANXIETY 34 
STATE ANXIETY(1) 33 
STATE ANXIETY(2) 33 
LC 10 
RS 16 
IE 15 
ANXIETY FACTOR SCORE: -0.264 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 2 5 5 5 
DECREASE 6 7 4 2 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 35.8 35.3 35.9 41.0 
DECREASE 35.2 34.0 39.3 36.8 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 17.1 23. 45.6 18.2 
DECREASE 09.6 -20.7 -19.6 2.9 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
63.7 
8.6 
1.7 
-0.1 
1.8 
-1.6 
1.5 
-0.1 
96.1 
1.8 
-0.5 
-0.5 
-1.3 
0.9 
0.3 
-1.0 
50.1 
15.8 
9.6 
0.1 
-2.0 
-6.3 
1.6 
-0.3 
55.5 
34.5 
0.5 
-0.4 
0.1 
-2.1 
0.9 
0.1 
INCREASE COGNITIVE VARIABLE: 2.6 
DECREASE COGNITIVE VARIABLE: 2.6 
SUBJECT NUMBER: 3 3 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 40.5 BLOCKS 131 
DECREASE -15.0 BLOCKS 73 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .26 -.13 -.25 .10 
DECREASE .39 .15 .28 .13 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE -2.6 .23 1.13 .45 
DECREASE -20.1 .01 .21 .15 
PERSONALITY MEASURES: 
TRAIT ANXIETY 38 
STATE ANXIETY(1) 38 
STATE ANXIETY(2) 38 
LC 9 
RS 12 
IE 5 
ANXIETY FACTOR SCORE: 0.307 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 4 5 6 6 
DECREASE 2 6 6 2 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 34.6 35.6 33.9 30.6 
DECREASE 36.2 36.5 33.2 28.5 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 42.9 27. 27.1 33.6 
DECREASE 19.3 -16.0 -6.0 20.5 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 3.2 1.5 -8.8 -5.5 
DECREASE -7.9 -21.4 -15.4 -11.6 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
0.0 
0.0 
-0.7 
-2.1 
0.2 
0.0 
0.0 
0.0 
0.1 
0.1 
0.2 
0.1 
1.4 
-0.1 
1.8 
1.1 
-0.1 
0.4 
0.1 
0.2 
3.0 
-0.1 
0.9 
0.7 
INCREASE COGNITIVE VARIABLE: 3.4 
DECREASE COGNITIVE VARIABLE: 4.3 
SUBJECT NUMBER: 3 4 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 30.8 BLOCKS *59 
DECREASE -7.5 BLOCKS 33 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .33 -.13 .16 .44 
DECREASE .19 .28 .33 -.35 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE -11.9 .76 .04 -1.40 
DECREASE -13.3 1.82 -.43 .54 
PERSONALITY MEASURES: 
TRAIT ANXIETY 49 
STATE ANXIETY(1) 43 
STATE ANXIETY(2) 39 
LC 14 
RS 10 
IE 12 
ANXIETY FACTOR SCORE: 1.295 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 1 2 3 4 
DECREASE 2 2 3 3 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 33.1 32.3 37.5 36.9 
DECREASE 33.8 33.4 35.1 34.9 
TRIAL MEANS FOR HR: 
TRIAL 
INCREASE 
DECREASE 
1 
24.2 
6.8 
2 
25. 
0.8 
3 
7.3 
16.5 
4 
5.8 
6.1 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE PROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
-18.5 
-18.3 
2.5 
5.0 
-1.0 
1.8 
-2.7 
0.6 
-8.6 
-10.3 
0.0 
2.0 
0.6 
-0.2 
-0.2 
0.7 
-3.4 
-8.6 
0.1 
-0.3 
0.7 
-0.6 
0.0 
1.3 
-7.2 
-7.0 
1.6 
0.0 
-0.4 
-0.0 
-0.2 
-1.0 
INCREASE COGNITIVE VARIABLE: 3.4 
DECREASE COGNITIVE VARIABLE: 3.1 
SUBJECT NUMBER: 3 5 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 34.5 BLOCKS 110 
DECREASE -16.5 BLOCKS 41 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .33 -.14 .29 -.17 
DECREASE -.07 .29 .37 .34 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 18.7 10.78 1.34 -.09 
DECREASE 5.7 .12 -1.89 -2.96 
PERSONALITY MEASURES: 
TRAIT ANXIETY 31 
STATE ANXIETY(1) 24 
STATE ANXIETY(2) 29 
LC 9 
RS 12 
IE 14 
ANXIETY FACTOR SCORE: -0.989 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 1 1 3 2 
DECREASE 1 3 5 3 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 36.2 35.3 40.3 41.2 
DECREASE 36.6 36.6 42.7 39.7 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 19.3 18. 43.1 21.8 
DECREASE 28.3 20.1 -14.1 27.6 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
15.9 
8.2 
30.2 
0.4 
0.9 
0.0 
0.7 
-0.0 
3.5 
-5.4 
0.2 
0.1 
-0.2 
-2.7 
0.1 
-0.2 
23.3 
6.5 
0.4 
0.1 
3.1 
-1.4 
-0.6 
-2.9 
16.3 
-3.4 
0.4 
0.1 
-0.6 
-0.9 
0.2 
-1.3 
INCREASE COGNITIVE VARIABLE: 2.0 
DECREASE COGNITIVE VARIABLE: 2.7 
SUBJECT NUMBER: 3 6 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 40.0 BLOCKS 161 
DECREASE -13.4 BLOCKS 60 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .26 -.15 .20 .23 
DECREASE -.45 -.17 .23 .23 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE -27.4 .97 4.57 1.08 
DECREASE 18.7 .42 .02 .64 
PERSONALITY MEASURES: 
TRAIT ANXIETY 35 
STATE ANXIETY(1) 33 
STATE ANXIETY(2) 33 
LC 9 
RS 15 
IE 8 
ANXIETY FACTOR SCORE: -0.158 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 6 5 7 7 
DECREASE 7 4 2 2 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 31.7 33.1 43.9 40.6 
DECREASE 32.9 33.5 45.2 40.0 
TRIAL MEANS FOR HR: 
TRIAL 
INCREASE 
DECREASE 
1 
43.5 
-6.9 
2 3 4 
30. 36.2 38.3 
0.0 0 7.8 29.0 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE -29.4 -36.0 -25.6 -19.6 
DECREASE 27.6 14.8 -42.5 -22.6 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
3.9 
0.7 
2.9 
0.3 
1.6 
0.3 
0.8 
3.8 
-0.5 
1.0 
0.1 
0.8 
-0.0 
-1.0 
5.8 
2.9 
2.0 
1.8 
-0.3 
0.9 
8.9 
3.6 
0.4 
1.4 
INCREASE COGNITIVE VARIABLE: 3.2 
DECREASE COGNITIVE VARIABLE: 2.3 
SUBJECT NUMBER: 3 7 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 30.5 BLOCKS 20 
DECREASE -22.6 BLOCKS 152 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .13 -.05 .17 -.15 
DECREASE -.12 .25 .64 . 0 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE -10.9 .85 3.73 -.50 
DECREASE -.6 .15 -3.47 .00 
PERSONALITY MEASURES: 
TRAIT ANXIETY 42 
STATE ANXIETY(1) 38 
STATE ANXIETY(2) 35 
LC 10 
RS 11 
IE 11 
ANXIETY FACTOR SCORE: 0.524 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 3 3 2 3 
DECREASE 3 4 3 5 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 37.6 39.8 29.9 29.4 
DECREASE 38.3 35.7 29.1 31.3 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE -12.4 -19. 9.2 15.2 
DECREASE -18.4 -10.9 -7.2 -32.5 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
9.5 
-24.0 
0.0 
0.3 
-5.0 
-0.4 
-0.5 
0.0 
40.1 
-0.6 
0.1 
0.1 
-8.5 
-2.0 
-0.6 
0.0 
3.6 
8.6 
2.4 
0.3 
0.5 
-0.5 
0.0 
0.0 
-1.9 
8.7 
0.5 
0.1 
3.1 
-9.0 
-0.6 
0.0 
INCREASE COGNITIVE VARIABLE: 3.0 
DECREASE COGNITIVE VARIABLE: 3.3 
i 
SUBJECT NUMBER: 3 8 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 42.4 BLOCKS 35 
DECREASE -15.3 BLOCKS 128 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.84 -.07 -.42 .72 
DECREASE .10 .04 -.55 -.31 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE .8 -.50 2.66 1.90 
DECREASE -5.7 .32 -2.70 -.58 
PERSONALITY MEASURES: 
TRAIT ANXIETY 29 
STATE ANXIETY(1) 37 
STATE ANXIETY(2) 30 
LC 3 
RS 9 
IE 13 
ANXIETY FACTOR SCORE: -0.696 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 1 2 1 4 
DECREASE 1 2 2 3 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 42.4 42.5 35.3 36.7 
DECREASE 42.6 42.7 36.0 36.4 
TRIAL MEANS FOR HR: 
* 
TRIAL 1 2 3 4 
INCREASE 12.1 28. 12.7 7.6 
DECREASE -3.0 -10.2 -1.0 -23.6 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
6.7 
6.0 
0.2 
1.8 
-0.6 
-5.1 
1.4 
-0.0 
-3.6 
-10.3 
-0.5 
-3.0 
0.9 
-2.5 
0.8 
-0.9 
5.2 
-11.9 
1.7 
2.5 
4.0 
-3.9 
1.9 
-1.2 
-3.5 
-3.7 
0.1 
0.5 
3.4 
-0.3 
1.2 
-0.0 
INCREASE COGNITIVE VARIABLE: 3.5 
DECREASE COGNITIVE VARIABLE: 3.7 
SUBJECT NUMBER: 3 9 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 30.2 BLOCKS 32 
DECREASE -29.8 BLOCKS 87 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .30 -.05 -.19 .01 
DECREASE .47 -.32 -.25 -.22 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 5.6 .84 -.93 .64 
DECREASE -11.9 31.80 -.26 -.27 
PERSONALITY MEASURES: 
TRAIT ANXIETY 26 
STATE ANXIETY(1) 33 
STATE ANXIETY(2) 30 
LC 14 
RS 9 
IE 17 
ANXIETY FACTOR SCORE: -1.234 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 3 3 1 1 
DECREASE 3 2 2 1 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 33.0 33.2 39.4 40.2 
DECREASE 34.9 31.9 39.3 38.9 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 23.4 8. -19.8 -33.3 
DECREASE 7.1 10.8 -30.4 -20.2 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
0.1 
1.3 
-0.8 
48.4 
-0.8 
-3.7 
1.0 
-1.0 
10.5 
-16.3 
5.8 
2.6 
-1.8 
-0.4 
-0.4 
1.1 
-0.4 
-20.9 
2.2 
68.5 
-0.7 
-0.3 
-0.5 
0.7 
32.5 
-3.2 
58.4 
-0.5 
-5.8 
1.0 
-2.1 
-1.2 
INCREASE COGNITIVE VARIABLE: 4.0 
DECREASE COGNITIVE VARIABLE: 4.0 
SUBJECT NUMBER: 4 0 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 29.6 BLOCKS 68 
DECREASE -15.2 BLOCKS 118 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .33 .20 .42 .15 
DECREASE .19 .13 .23 -.11 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE -10.3 .08 .99 .13 
DECREASE -18.3 3.36 -1.23 1.01 
PERSONALITY MEASURES: 
TRAIT ANXIETY 23 
STATE ANXIETY(1) 23 
STATE ANXIETY(2) 29 
LC 8 
RS 9 
IE 11 
ANXIETY FACTOR SCORE: -1.753 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 2 2 5 6 
DECREASE 6 6 5 3 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 40.5 38.2 40.5 37.7 
DECREASE 36.2 36.6 38.1 35.6 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE -10.8 -1. 26.4 25.0 
DECREASE -14.1 -2.3 -17.1 2.7 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 1.2 -1.2 -16.5 -8.1 
DECREASE -10.3 -13.8 -26.8 -18.6 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
0.1 
0.1 
-0.7 
-2.8 
-1.1 
1.6 
0.0 
19.5 
0.3 
0.8 
-0.7 
1.2 
0.1 
0.0 
0.5 
-0.6 
0.0 
1.0 
0.0 
0.0 
0.9 
-1.3 
0.3 
-0.1 
INCREASE COGNITIVE VARIABLE: 3.9 
DECREASE COGNITIVE VARIABLE: 3.9 
SUBJECT NUMBER: 41 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 31.1 BLOCKS 70 
DECREASE -15.3 BLOCKS 100 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .16 .57 -.47 .51 
DECREASE .32 . 9 .58 .12 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 31.0 2.57 -4.13 1.65 
DECREASE 2.5 .00 -3.04 -.45 
PERSONALITY MEASURES: 
TRAIT ANXIETY 40 
STATE ANXIETY(1) 31 
STATE ANXIETY(2) 24 
LC 9 
RS 16 
IE 7 
ANXIETY FACTOR SCORE: 0.050 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 1 4 2 2 
DECREASE 2 2 3 4 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 40.2 35.7 37.6 33.6 
DECREASE 32.3 30.8 32.4 32.7 
SUBJECT NUMBER: 4 2 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE . BLOCKS 
DECREASE -12.3 BLOCKS 123 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE . . . . 
DECREASE -.15 -.02 -.07 -.10 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE . . . . 
DECREASE -15.0 .02 -.94 -.29 
PERSONALITY MEASURES: 
TRAIT ANXIETY 32 
STATE ANXIETY(1) 33 
STATE ANXIETY(2) 35 
LC 4 
RS 11 
IE 12 
ANXIETY FACTOR SCORE: -0.435 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 3 3 3 2 
DECREASE 4 4 4 4 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 35.4 33.1 33.1 34.0 
DECREASE 32.4 30.3 31.3 31.4 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 3.2 32. 12.0 16.5 
DECREASE -12.4 8.6 -0.1 -17.4 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 35.8 35.1 9.2 36.9 
DECREASE 7.3 -1.7 14.1 -4.9 
EMG: 
INCREASE 0.1 4.0 0.3 0.1 
DECREASE 0.0 0.3 0.1 0.0 
EB: 
INCREASE -6.0 -5.1 -2.4 -2.3 
DECREASE -4.9 0.5 1.4 -2.7 
GSR: 
INCREASE 0.7 2.2 0.2 0.9 
DECREASE 0.0 -0.5 -0.3 -0.8 
INCREASE COGNITIVE VARIABLE: 2.9 
DECREASE COGNITIVE VARIABLE: 4.0 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE -19.2 -12. -7.9 4.7 
DECREASE 3.0 -9.6 -4.4 -14.2 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
17.2 
-13.0 
0.0 
0.0 
-7.0 
-1.7 
0.4 
0.2 
3.8 
-18.7 
-7.3 
0.1 
-4.3 
1.2 
-1.3 
0.4 
-15.1 
-24.8 
0.0 
0.0 
-0.3 
-1.2 
-1.2 
-1.2 
-5.2 
0.5 
0.1 
0.0 
-2.5 
-1.9 
-1.3 
-0.4 
INCREASE COGNITIVE VARIABLE: 3.3 
DECREASE COGNITIVE VARIABLE: 4.3 
SUBJECT NUMBER: 4 3 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 35.2 BLOCKS 54 
DECREASE -18.4 BLOCKS 117 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .19 .01 -.13 .24 
DECREASE -.43 -.31 .48 .32 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 31.3 .54 -.86 .23 
DECREASE -7.1 8.88 -3.36 -.37 
PERSONALITY MEASURES: 
TRAIT ANXIETY 55 
STATE ANXIETY(1) 49 
STATE ANXIETY(2) 36 
LC 16 
RS 22 
IE 16 
ANXIETY FACTOR SCORE: 2.205 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 7 3 7 5 
DECREASE 6 6 6 9 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 31.0 31.2 29.6 32.7 
DECREASE 29.3 29.9 29.2 29.5 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 13.0 -12. 29.7 18.5 
DECREASE 4.8 -34.1 -4.6 -6.0 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
44.1 
-13.7 
4.8 
6.7 
-6.5 
-0.7 
0.2 
-0.3 
5.9 
-1.6 
-0.8 
15.8 
-3.5 
-4.6 
-0.8 
-0.6 
28.3 
-6.8 
0.5 
0.1 
-0.3 
-2.0 
0.1 
0.0 
12.4 
-7.3 
0.2 
10.8 
-0.8 
-2.9 
0.2 
-0.3 
INCREASE COGNITIVE VARIABLE: 3 . 1 
DECREASE COGNITIVE VARIABLE: 2 . 0 
SUBJECT NUMBER: 4 4 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE . BLOCKS 
DECREASE -17.6 BLOCKS 153 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE . . . . 
DECREASE .32 -.27 .17 .07 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE . . . . 
DECREASE 7.3 -.48 -7.34 -.32 
PERSONALITY MEASURES: 
TRAIT ANXIETY 39 
STATE ANXIETY(1) 34 
STATE ANXIETY(2) 33 
LC 8 
RS 13 
IE 16 
ANXIETY FACTOR SCORE: 0.140 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 1 2 1 1 
DECREASE 6 6 8 9 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 36.5 33.6 38.0 33.3 
DECREASE 38.4 36.6 36.9 35.9 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE -14.3 -15. -21.0 -13.9 
DECREASE -21.9 -0.6 -10.6 -20.7 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
-0.4 
-9.3 
0.3 
0.4 
-0.7 
-5.0 
-1.2 
-0.2 
2.0 
16.7 
0.1 
-0.0 
-6.5 
-6.1 
-0.6 
-0.4 
4.5 
13.4 
0.2 
-2.7 
2.5 
-5.2 
-1.1 
-0.1 
6.6 
9.9 
0.8 
0.2 
2.8 
-9.5 
0.6 
-0.5 
INCREASE COGNITIVE VARIABLE: 2.8 
DECREASE COGNITIVE VARIABLE: 4.0 
SUBJECT NUMBER: 45 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 51.8 BLOCKS 81 
DECREASE -12.3 BLOCKS 122 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .35 -.13 .04 .49 
DECREASE .00 -.07 -.04 -.15 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 7.2 .36 5.69 1.79 
DECREASE -16.3 18.89 -2.81 .23 
PERSONALITY MEASURES: 
TRAIT ANXIETY 23 
STATE ANXIETY(1) 23 
STATE ANXIETY(2) 25 
LC 4 
RS 14 
IE 7 
ANXIETY FACTOR SCORE: -1.644 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 4 8 5 8 
DECREASE 6 4 6 7 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 36.3 35.4 34.2 37.7 
DECREASE 34.2 33.2 35.6 33.6 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 14.5 55. 12.3 28.7 
DECREASE -10.9 -0.7 -1.2 -12.7 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 11.3 2.5 13.2 9.4 
DECREASE -12.7 -17.0 -12.7 -20.4 
EMG: 
INCREASE 2.6 0.1 0.7 1.2 
DECREASE 59.0 1.7 0.0 0.5 
EB: 
INCREASE 2.0 5.6 2.2 6.2 
DECREASE 0.1 -7.6 -2.2 -3.6 
GSR: 
INCREASE 0.6 1.8 0.3 1.5 
DECREASE 0.2 0.2 0.0 0.5 
INCREASE COGNITIVE VARIABLE: 4.0 
DECREASE COGNITIVE VARIABLE: 3.2 
SUBJECT NUMBER: 4 6 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 29.8 BLOCKS 96 
DECREASE -15.5 BLOCKS 85 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.35 -.02 -.12 .35 
DECREASE -.72 .05 .27 .48 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 5.5 .26 .27 .34 
DECREASE -1.2 .04 -1.23 .34 
PERSONALITY MEASURES: 
TRAIT ANXIETY 32 
STATE ANXIETY(1) 29 
STATE ANXIETY(2) 46 
LC 8 
RS 12 
IE 6 
ANXIETY FACTOR SCORE: -0.345 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 3 3 4 4 
DECREASE 4 5 1 1 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 35.1 34.2 35.9 36.4 
DECREASE 32.5 33.5 32.8 34.4 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 11.6 15. 31.8 26.1 
DECREASE -6.4 -21.8 17.1 19.6 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 3.0 6.4 5.6 4.8 
DECREASE -3.7 1.1 -2.9 -3.7 
EMG: 
INCREASE 0.0 0.0 0.4 0.3 
DECREASE 0.1 0.0 0.1 0.0 
EB: 
INCREASE 0.2 1.5 0.1 -0.4 
DECREASE -0.8 -1.5 -0.1 -0.4 
GSR: 
INCREASE 0.6 0.1 0.4 0.3 
DECREASE 0.8 0.0 0.1 0.3 
INCREASE COGNITIVE VARIABLE: 2.8 
DECREASE COGNITIVE VARIABLE: 3.0 
SUBJECT NUMBER: 4 7 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 53.3 BLOCKS 169 
DECREASE -22.1 BLOCKS 166 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.17 -.22 -.18 .02 
DECREASE .03 -.18 -.16 .00 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE -16.8 2.04 1.04 .40 
DECREASE 19.6 .28 -1.83 -.26 
PERSONALITY MEASURES: 
TRAIT ANXIETY 34 
STATE ANXIETY(1) 32 
STATE ANXIETY(2) 35 
LC 5 
RS 11 
IE 8 
ANXIETY FACTOR SCORE: -0.290 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 4 2 3 3 
DECREASE 4 3 5 4 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 28.5 31.0 31.3 30.0 
DECREASE 35.3 31.9 35.6 37.4 
TRIAL 1 2 3 4 
INCREASE 93.8 31. 29.7 46.6 
DECREASE -16.0 -17.8 -15.3 -27.6 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS 
TRIAL MEANS FOR HR: 
TRIAL 1 
RR: 
INCREASE -20.4 
DECREASE 2 7.3 
EMG: 
INCREASE 0.0 
DECREASE 0.0 
EB: 
INCREASE 0.2 
DECREASE -4.0 
GSR: 
INCREASE 0.3 
DECREASE -0.4 
INCREASE COGNITIVE 
DECREASE COGNITIVE 
2 3 4 
-16.6 -7.8 -21.3 
34.0 2.5 10.0 
0.1 9.5 -0.1 
0.0 0.3 0.8 
1.3 0.8 1.7 
-1.2 -1.3 -0.4 
0.7 0.4 0.0 
-0.1 -0.5 0.0 
VARIABLE: 4.0 
VARIABLE: 3.3 
SUBJECT NUMBER: 4 8 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 41.9 BLOCKS 118 
DECREASE -11.8 BLOCKS 69 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE .41 -.09 .04 .16 
DECREASE .32 .01 .21 .01 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 19.8 .58 17.50 .79 
DECREASE .7 -.36 -3.17 -.28 
PERSONALITY MEASURES: 
TRAIT ANXIETY 27 
STATE ANXIETY(1) 29 
STATE ANXIETY(2) 29 
LC 7 
RS 9 
IE 14 
ANXIETY FACTOR SCORE: -1.210 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 1 6 5 2 
DECREASE 3 7 1 3 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 27.4 27.0 27.7 28.1 
DECREASE 30.6 33.0 33.4 34.9 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 26.0 35. 45.7 9.1 
DECREASE 19.7 -8.1 8.3 5.8 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
-22.5 
-12.7 
00.5 
-0.1 
9.6 
1.3 
1.2 
0.3 
-1.4 
-5.1 
0.1 
-0.3 
16.6 
-0.5 
-0.1 
-0.3 
66.7 
25.8 
0.3 
-0.3 
18.6 
-5.9 
1.3 
0.1 
6.7 
-2.0 
1.2 
0.4 
19.5 
-4.1 
0.1 
0.3 
INCREASE COGNITIVE VARIABLE: 4.3 
DECREASE COGNITIVE VARIABLE: 3.3 
SUBJECT NUMBER: 4 9 
TRIAL PRESENTATION ORDER: 1 
HR PERFORMANCE: 
INCREASE 29.3 BLOCKS 58 
DECREASE -12.5 BLOCKS 110 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.12 -.36 .14 .04 
DECREASE .32 -.23 .89 .77 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE 82.6 30.95 6.88 1.75 
DECREASE 38.6 -.15 -3.23 -.21 
PERSONALITY MEASURES: 
TRAIT ANXIETY 47 
STATE ANXIETY(1) 37 
STATE ANXIETY(2) 34 
LC 13 
RS 21 
IE 8 
ANXIETY FACTOR SCORE: 1.122 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 3 5 5 6 
DECREASE 5 8 9 10 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 24.1 22.3 22.7 22.3 
DECREASE 24.7 23.5 23.8 25.6 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 10.7 12. 18.9 28.2 
DECREASE -3.4 -3.9 2.4 -21.8 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 1 2 3 4 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE . 
DECREASE 
46.8 
8.4 
144.7 
-0.8 
1.3 
0.3 
2.3 
0.8 
51.4 
5.8 
44.4 
0.0 
1.3 
0.2 
1.4 
0.6 
108.0 
-8.7 
51.3 
0.1 
3.9 
-1.6 
3.0 
1.2 
78.6 
1.5 
6.2 
0.0 
8.7 
-7.6 
1.0 
-1.4 
INCREASE COGNITIVE VARIABLE: 3.3 
DECREASE COGNITIVE VARIABLE: 4.0 
SUBJECT NUMBER: 5 0 
TRIAL PRESENTATION ORDER: 2 
HR PERFORMANCE: 
INCREASE 30.2 BLOCKS 41 
DECREASE -17.7 BLOCKS 112 
PHYSIOLOGICAL MEDIATIONAL COEFFICIENTS: 
RR EMG EB GSR 
INCREASE -.08 -.12 -.08 .10 
DECREASE .12 .24 .04 -.09 
PHYSIOLOGICAL MEANS (CRITIERION BLOCKS) 
RR EMG EB GSR 
INCREASE -12.0 -1.04 -2.31 .01 
DECREASE -4.8 4.05 -4.71 .01 
PERSONALITY MEASURES: 
TRAIT ANXIETY 29 
STATE ANXIETY(1) 28 
STATE ANXIETY(2) 45 
LC 2 
RS 14 
IE 14 
ANXIETY FACTOR SCORE: -0.576 
SELF-RATINGS OF SUCCESS: 
TRIAL 1 2 3 4 
INCREASE 5 4 2 3 
DECREASE 6 5 6 7 
PRETRIAL HR BASELINES: 
TRIAL 1 2 3 4 
INCREASE 37.5 36.8 41.3 37.1 
DECREASE 38.5 36.7 37.1 37.0 
TRIAL MEANS FOR HR: 
TRIAL 1 2 3 4 
INCREASE 27.4 4. 7.4 5.8 
DECREASE 2.8 3.2 -20.0 -17.1 
TRIAL MEANS FOR PHYSIOLOGICAL MEDIATORS: 
(CHANGE FROM PRETRIAL BASELINE LEVELS) 
TRIAL 
RR: 
INCREASE 
DECREASE 
EMG: 
INCREASE 
DECREASE 
EB: 
INCREASE 
DECREASE 
GSR: 
INCREASE 
DECREASE 
-13.4 
-10.2 
-1.5 
3.5 
-2.5 
-10.5 
0.1 
-0.6 
-16.5 
-0.8 
0.3 
52.8 
-2.0 
-3.9 
0.1 
0.1 
1.5 
-8.5 
-0.6 
-1.0 
-3.1 
-4.2 
-0.2 
-0.2 
5.6 
-2.2 
-0.8 
-0.0 
-0.3 
-4.0 
0.2 
0.4 
INCREASE COGNITIVE VARIABLE: 2.9 
DECREASE COGNITIVE VARIABLE: 4.6 
